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SUMMARY 
1. Bulk F 2 , F3 and F4 populations of 25 soybean crosses were 
grown in replicated trials in successive years and evaluated, for seed 
yield, date of maturity, plant height and lodging resistance in com-
parison with three of the parental varieties. 
2. The bulk populations of the crosses differed considerably in 
mean agronomic performance in each generation. Differences in 
mean height, maturity and lodging resistance among the crosses 
remained relatively consistent from generation to generation, indicat-
ing that one bulk generation test would have sufficed for the evalua-
tion of these characters. 
3. Yield differences among the 25 bulk crosses were not consistent. 
Although some crosses were high or low in yield performance in each 
bulk test, others varied considerably in yield from year to year. Con-
sequently, it would have been difficult to detect and eliminate the 
poorer yielding bulk crosses on the basis of results from a single test. 
4. Yield differences between parental varieties were a poor indica-
tion of bulk population yield performance of crosses in the early 
segregating generations. 
5. Mean agronomic performance in the bulk popUlation trials was 
not indicative of differences between crosses in the extent of segrega-
tion for factors conditioning maturity, height, lodging resistance and 
seed yield. 
6. Two of the highest and two of the lowest yielding crosses were 
selected on the basis of their yield performance in bulk population 
trials for a study of breeding behavior at successive generations by 
the use of the pedigree method. 
7. Two spaced F 1 plant studies showed that the extent of heterosis 
for seed yield among these four crosses in comparison to Richland, 
the common parent, was not associated to any appreciable degree with 
differences in subsequent bulk population or pedigree yield per-
formance. 
8. Average plant height and maturity differences among the four 
crosses in the F 1 generation in relation to the common parent per-
sisted in all advanced generation tests. 
9. Plant height and maturity measurements made on spaced F!! 
plants in each cross provided a relatively good estimate of average 
progeny performance for the same characters in F:\ and F 4 genera-
tions. 
10. Seed yield measurements made on spaced F!! plants were of 
little value in predicting the yield potentialities of their F;: and F 4 
progenies. 
11. Replicated tests of progenies of 77 randomly selected F:) 
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plants in each cross indicated a high degree of heterozygosity for 
factors conditioning each agronomic character studied. 
12. Results of replicated progeny tests of five randomly selected 
Fa plants in each of 15 Fa families per cross also showed that there 
was little homozygosity in the F:3 generation for factors condition-
ing maturity, height and lodging resistance. 
13. Selection for differences in seed yield among F 3 lines did not 
seem warranted on the basis of results obtained in the F 4 generation. 
14. Breeding behavior for lodging resistance appeared somewhat 
less consistent than breeding behavior for plant height and maturity 
among the four crosses. 
15. All results appeared. to justify the conclusion that soybean 
varieties differ widely in combining ability for factors determining the 
agronomic characters studied in this investigation. 
16. Neither the bulk nor the pedigree method of early generation 
testing for yield, as used herein with four soybean crosses, was very 
reliable for estimating their yield potentialities, at least before the 
F 4 generation. 
17. A strong and consistent positive association was observed 
between maturity and plant height in the F 2 to F" generations of all 
crosses in the pedigree study. These data indicated th1t selection 
for a combination of tall early plants would have been difficult. 
18. Although maturity and plant height generally were positively 
associated with yield, the degree of relationship was not sufficiently 
consistent to indicate that desirable combinations of these characters 
could not have been found in the segregating populations of the four 
crosses. 
19. The degree of association between lodging resistance and 
yield in F:\ and F 4 generations of the pedigree study was too small 
to be of significance. 
20. Several reasons were postulated for the differential reaction 
of soybean crosses, as compared with small grain crosses, to methods 
of early generation testing for yield. 
Breeding Behavior at Successive 
Generations Following Hybridization 
in Soybeans1 
By ROBERT R. KALTON2 
Extensive breeding investigations with soybeans in this country 
have been under way for only a relatively short period of time. 
Breeding work was at first confined primarily to introduction and 
selection, but it was soon realized that the possibilities for continued 
improvement with these practices were definitely limited. Conse-
quently, during the last 10 or 15 years, hybridization has rapidly 
supplanted these procedures as ,the principal means for obtaining 
new and improved varieties. 
Methods of handling segregating populations of crosses in such 
self-pollinated crops as wheat, oats, barley and flax now are fairly 
well standardized. Practices involve various modifications of the 
pedigree method, the bulk method or a combination of the two. An 
advantage of the pedigree method is that it enables the investigator 
to conduct inheritance studies of characteristics in which the parents 
differ. The principal advantages of the bulk method are cheapness 
in cost and opportunity to conduct replicated bulk yield tests as 
early as the F 2 generation. Early generation yield testing with the 
pedigree method, on the other hand, is limited or practically impossi-
ble in certain crops because of the scarcity of seed produced on 
individual plants and the high cost of testing large numbers of lines 
in replicated tests. Segregating populations of soybean crosses are 
admirably adapted for breeding by either of the two methods, as 
comparatively large seed yields on spaced individual plants make it 
possible to conduct pedigree yield tests as early as the F 3 generation. 
Replicated tests for evaluation of agronomic potentialities of soybean 
crosses in early segregating generations following hybridization, 
therefore, can be used with either the bulk or the pedigree method 
of breeding. 
Available evidence indicates that replicated tests of F 2 and F;{ 
populations of wheat and barley crosses may be of value in estimat-
ing yield potentialities of such crosses. Similar evidence of the 
merits of early generation testing for yield and other agronomic 
lProject 719 of the Iowa Agricultural Experiment Station. The author wishes to 
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tions and criticisms off,'re(1 during the course of the." investigations an(1 in the prep· 
aration of this mnnuscrip!. He also is indeMed to D,'s. JlI. G. 'Vei"" and C. R. Weber. 
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of the eroo",'. uoed ill till. study. P. G. Homeyer and ,V. '1'. ~'ederer were very helpful 
in tlw fitati~til'i.ll I.1KPC('tS of the inv{'stigntions. . 
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title which WOs submitted by tho writer to tho Graduate lo'nculty of low" State College 
ill pII,·tinl fulfillment of the requi .. 'mpnts for the ,Iegree of Doetor of Philooophy in 
June, 1947. A (omplete COllY of thl' th.sis is on file in the lawn Stllte Colle go Library . 
.2Fot'mllrly Re8earch As~ocinte, :h"nrm Crops Subsection, Iowa, Agricultural Experi .. 
ment Station, nnd Agent, Divisioll of Porage Crops and Discases, United Stntes Depart· 
ment of Agriculture, now Associate Agronomist, Texas Research Foundation, Renner, 
Texas. 
674 
characters in soybean crosses is not available, as yet, in any sub-
stantiating amounts. There is a need, therefore, for experimental 
data on such practices, as they pertain to the handling of segregating 
populations of crosses in this crop. The investigations reported here-
in were conducted to obtain additional information relative to this 
problem. In this study the agronomic performance of several differ-
ent soybean crosses was measured at the first four generations follow-
ing hybridization. Both the bulk and the pedigree methods were 
used in these evaluations. It was thought by so doing that at least 
partial answers might be obtained to some of the questions concerned 
with the possibilities of early generation testing in soybean crosses. 
A few of the more salient of these questions follow: 
1. Are measurements made on spaced Fl plants in different crosses of any 
value in predicting the agronomic performance of subsequent segregates? 
2. Are differences in the mean agronomic performance of bulk populations 
of crosses, as shown by replicated trials in the F2 generation, substantiated 
by similar bulk tests in F3 and F4 generations in the following years? 
3. Is there any correlation, between the agronomic characteristics of individ-
ual F2 and Fa plants and their progeny means in succeeding generations? 
4. To what extent is segregation for factors conditioning yield, maturity, 
height and lodging resistance among F2 and Fa plants in different crosses 
indicated by replicated tests of their progenies in the next generation? 
. 5. Are there sufficient differences among F 4 progenies to warrant selection 
for yield in the parental F3 lines? 
6. How do the bulk and the pedigree methods of handling segregating 
populations of soybean crosses compare with each other in the evaluation 
of agronomic differences in early generations following hybridization? 
The potential value of early testing in soybean crosses depends 
to no small extent on the nature of the answers to these and related 
questions. Consequently, they are given consideration wherever 
possible in the presentation and discussion of the results obtained in 
these experiments. 
REVIEW OF PERTINENT LITERATURE 
Hayes and Immer (8) classify as naturally self-pollinated those 
crops which generally show less than 4.0 percent cross-pollination 
and include soybeans in this group. Actual experimental evidence 
indicates that the amount of natural crossing in this crop is consider-
ably less than 4.0 percent. On the basis of observations made on 
segregating progenies of plants produced from off-colored seeds found 
in a bulk lot of soybean seed, Piper and Morse (18) postulated that 
the amount of natural crossing was small-possibly 0.5 percent. 
In the same study it was found that bagged and caged plants set 
seed as well as non-bagged and non-caged plants, thereby indicating 
complete self-fertility. In an experiment specifically designed to 
test the percentage of cross-pollination Woodworth (29) found 0.16 
percent natural crossing. Similar studies by Garber and Odland (4) 
showed 0.14 per.cent natural crossing one year and 0.36 percent the 
next. These results all indicate that soybeans probably are better 
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than 99.0 percent self-fertilized under natural conditions and, there-
fore, should be amenable to breeding procedures used with other self-
pollinated crops. 
Hybridization has been used commonly by plant breeders in the 
improvement of self-pollinated cereals. Generally, either the bulk 
or the pedigree method of handling segregating popUlations is em-
ployed following hybridization. The essential features and a general 
order of procedure for each method have been outlined by Hayes 
and Immer (8) and by Love (15). In this country the pedigree 
method has been used to a much greater extent than the bulk 
method, and numerous examples of the successful use of the former 
have been cited. A number of these were illustrated by Hayes and 
Immer (8). Florell (3), on the other hand, employed the bulk 
method with a number of wheat crosses in California with good suc-
cess. 
A modification of the bulk method tried by several investigators 
is the growing of bulk popUlations of a mixture of several crosses in 
large lots each year. It is assumed that this modification will allow 
for extensive segregation and recombination of factors conditioning 
the desired characters and for elimination of weak undesired types 
in the bulk populations by natural selection. Adair and Jones (1) 
grew three such mixtures of rice crosses at one location in Texas, 
one in California and one in Arkansas for each of 8 years, starting 
with the F 3 generation. In the ninth year a sainple of seed from 
each bulk lot was grown at Stuttgart, Arkansas, and studied for the 
survival of desirable genotypes. Although the proportions of differ-
ent types varied in the lots from the three locations, all bulk lots 
contained enough desirable agronomic types for satisf,actory selection 
purposes. Harlan, Martini and Stevens (5) grew bulk popUlations 
of 379 barley crosses for seven generations in separate rows to main-
tain the identity of each cross. On the basis of average yields of 
each cross during this period single plant selections were made in 
space-planted plots in the eighth generation. In all, 2,921 selections 
were made with more taken from the higher than from the lower 
yielding crosses. Simultaneously, an equal number of plant selections 
was made in a space-planted plot of a composite mixture of all 
crosses which had been advanced to the same generation. All selec-
tions were then tested in non-replicated rows in the next generation 
with appropriate check varieties. It ,,:as found that yields of the 
bulk crosses during the preselection period provided a good indication 
of the yield performance of selections made therefrom. Selections 
made from the composite mixture of crosses, however, were as high 
in average yield as selections made from the pedigree crosses. The 
results were considered as justifying the elimination of lower yielding 
crosses 01) the basis of their non-replicated yield performance during 
the segregating generations before selection is practiced. 
Other small grain breeders also have investigated the possibilities 
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of yield testing bulk populations of crosses in early generations follow-
ing hybridization. In replicated trials of bulk populations of six 
wheat crosses during the F 2 and Fa generations Harrington (7) found 
considerable differences in yield among the crosses. Moreover, repli-
cated tests of lines selected from these crosses in F 6 to F 8 generations 
substantiated their early generation yield performance. The use of 
these tests to evaluate crosses for such characters as milling and bak-
ing quality, disease resistance, e'tc., however, was not considered 
feasible. Immer (11) compared bulk populations of six barley 
crosses in replicated trials in F 2, F 3 and F 4 generations and observed 
that some crosses were consistently higher in yield than others. The 
average performance of the same crosses in a space-planted F 1 test, 
however, did not agree with their bulk yield performance in drilled 
plots in succeeding generations. It was suggested that such tests 
might be used to eliminate poorer yielding crosses in early generations 
following hybridization since they would contain fewer high-yielding 
genotypes than higher yielding crosses. 
Another method suggested as a means for predicting the potential 
value of any given cross is an evaluation of the characteristics of a 
number of F 2 plants. In the wheat cross Marquillo x Marquis, Har-
rington (6) grew an F 2 popUlation of nearly 40,000 plants. After 
5 years of rigid pedigree selection for desired characters only six 
lines of questionable 'value were retained, even though the cross 
originally promised a combination of the best features of the two 
parents. An analysis of a random sample of several hundred F 2 
plants 'from this cross gave a similar prediction as to the limited possi-
bilities for obtaining the desired recombinations. Some characters 
were successfully predicted by the F 2 analysis. They were: rust 
resistance, plant height, maturity and seed appearanc~. The average 
seed yield of all F2 plants in comparison with average parental plant 
yields, however, did not correctly predict the yield performance of 
subsequently selected lines. Immer (12) measured the means and 
variances of seed yields of four F 2 crosses and four varieties of barley 
in a replicated space-planted test. Mean yields of varieties and mean 
yields of F 2 crosses were both significantly different among them-
selves. Variance of seed yields per plant within plots, however, was 
not much greater for the F 2 crosses than it was for the comparable 
parent varieties. Consequently, it was concluded that variation in 
seed yields of single plants in space-planted progeny rows was deter-
mined almost completely by environmental factors. 
In a replicated space-planted study of the parents and F 1 and F 2 
generations of three intraspecific crosses in cotton, Hutchinson, 
Panse and Govande (10) also found that the environment was 
responsible for the greatest proportion of the total variance of agro-
nomic characters among F 2 plants. They concluded that single plant 
selection for staple length, ginning percentage and certain other 
characters in progeny rows in F 2 was likely to be inefficient. This 
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experiment was continued by Panse (16), who grew replicated 
progenies of a sample of F 2 plants in each cross in the F 3 generation 
and studied them for staple length. Regression coefficients of mean 
staple length of F;~ progenies on F 2 plants were highly significant in 
two of the three crosses. He considered that it would be advantageous, 
therefore, to select individuals whose staple length exceeded the mean 
plot value in replicated tests of spaced F 2 plants. 
Early testing of inbred lines of corn also is, in a way, comparable 
to early generation testing of crosses in self-pollinated crops. The 
two methods are similar in that they are both used in an attempt to 
estimate the genotypic value of subsequent segregates. Probably the 
first experimental evidence favoring early testing of corn inbreds was 
that obtained by Jenkins (13). He measured the effect of inbreeding 
upon hybrids made after successive generations of selfing and found 
that the lines apparently acquired their individuality as top cross 
parents relatively early in the inbreeding process. In another study 
utilizing top cross performance as a measure of combining ability 
Jenkins. (14) obtained results that indicated only a limited segrega-
tion for factors conditioning yield prepotency among individual plants 
within seven Sl lines. Sprague (21) also obtained substantiating 
evidence in favor of early testing of corn inbreds. He found top cross 
yields of Sl plants, representing the high 10.0 percent of an So top 
cross yield distribution of 167 plants from a stiff-stalk synthetic, 
equivalent to yields of the selected parents. In a later test three S3 
lines from this selected group gave a better average yield performance 
in single crosses than several standard commercial inbreds. Sprague 
and Bryan (22) obtained evidence of significant segregation for 
factors conditioning yield prepotency, lodging and disease resistance 
in both F;: and F 4 lines of corn. In top cross tests of F 4 lines, how-
ever, the F 3 families showed considerably greater variation for these 
characters than their F 4 progenies. Singleton and Nelson ( 19) 
failed to find any correlation between combining ability in the So, Sl 
or S2 generations and the S3 generation in inbred lines of sweet 
corn. NIoreover, they were able to increase combining ability (for 
yield) from the So to the S;t generation by intensive selection. 
The adaptability of soybean crosses to early generation testing 
procedures depends to a considerable extent on breeding behavior for 
desired characters at successive generations following hybridization. 
Despite the large number of crosses that have been made between 
varieties and strains of this crop in recent years there is little informa-
tion pertaining to this subject. Both Wentz and Stewart (28) and 
Woodworth (30) found indications of hybrid vigor for seed yield 
and plant height in a few F 1 and parental plants in each of several 
soybean crosses. Veatch (24) also obtained evidence of heterosis in 
the F 1 generation. He went a step further, however, and studied 
several of his F 2 popUlations in comparison with the parents. 
Although the results indicated transgressive segregation for seed yield 
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and height among the F 2 plants of each cross, none of the F'2 popula-
tions was significantly above the higher yielding parent in mean seed 
yield per plant, and all were between the parents in average plant 
height. In a similar study Stewart (23) obtained essentially the same 
results. None of these investigators attempted to relate their F.l and 
F 2 results with breeding behavior in subsequent generations. 
Probably the Vlost extensive information pertaining to hybrid vigor 
in soybean crosses was that presented by Weiss, Weber and KaHon 
(27). In a replicated plant test of 17 F 1 crosses and their parents in 
the greenhouse they obtained higher average seed yields per plant 
than in either parent in 16 of the crosses. In an F 1 field test of the 
same crosses all exceeded the higher yielding parent in average seed 
yield per plant. All F 1 crosses were consistently between the parents 
in average date of maturity, average height and average lodging resist-
ance per plant in the same test. In F 2 to F 5 generations both the 
bulk and pedigree methods of breeding were used to test the, agro-
nomic performance of the same crosses. Advanced generation results 
indicated that the degree of heterosis for seed yield, as determined on 
spaced F 1 plants, was of little or no value in estimating the yield 
potentialities of subsequent segregates from a cross. F 1 data on other 
agronomic characters was not correlated with breeding behavior in 
F 2 and later generations. 
Average plant measurements for seed yield and date of maturity 
on replicated, spaced F 2 plant populations of the 17 crosses were 
indicative of cross differences in later generations in respect to these 
characters. Maturity readings on spaced F 2 plants were highly cor-
related with mean maturities of their progenies in F:1, but similar 
associations for yield were of a considerably lesser magnitude. 
Replicated tests of selected F 3 and F 4 lines, each of which descended 
from single F 2 and F 3 plants, respectively, resulted in good estimates 
of future expectations for maturity, height and lodging resistance. 
Replicated pedigree-progeny tests for seed yield in early segregating 
generations, however, were noticeably influenced by seasonal differ-
ences. As a result, evaluation for this character did not appear justi-
fied before possibly the F 4 generation. In another phase of the same 
study bulk populations of each of the 17 crosses, including bulk F 2 
to F Ii generations, were grown together in one replicated test and 
their mean seed yields, maturity dates, lodging scores and 'plant 
heights determined. In ~his test significant interactions were obtained 
between generations and crosses in the analysis of variance for each 
character. Consequently, no one bulk generation sufficed to evaluate 
accurately the relative differences in agronomic' performance among 
the crosses. Average height and the degree of lodging resistance 
of the bulk populations were useful in predicting the performance of 
subsequent selections for these characters. This was not true to any 
appreciable extent for average seed yield and date of maturity. 
Patel (17), in an attempt to determine if high yielding F 3 plants 
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had high yielding progenies, grew duplicate progeny rows of 249 F 3 
plants in the F4 generation and measured them for seed yield. Three 
different soybean crosses were represented in the study. The results 
showed a definite tendency for high-yielding F:I plants to have high-
yielding progeny rows in the next generation. Henson (9) bulked 
the seed from each of the 25 highest yielding F 4 rows in each of the 
three crosses and used it to plant a replicated yield test in the F:; 
generation. Considerable differences in seed yield among the strains 
were obtained in this test. Moreover, it was found that average 
yields of selections in the F ('j generation were definitely related to 
yields of their parental F4 rows of the previous year. One of the 
best of these bulk F ('j strains was continued in bulk until F 7, at which 
time it was grown in a space-planted plot. Weatherspoon (25) 
selected 237 plants in this plot, measured them for seed yield, and 
planted a 5-foot progeny of each the next year. These progeny rows 
were measured for seed yield and their seed in turn used to plant a 
replicated yield test of all strains in the F!l generation. Correlations 
for seed yield among the three successive generations of the 237 lines 
were as follows: 
F; plant and F8 progeny row, r = .016 
F7 plant and Fn mean yield, r = .128 
Fs progeny row and F9 mean yield, r = -.003 
This decided lack of association was considered as inClicating the 
uselessness of selecting· for yield on a single plant or progeny row 
basis. 
The results of the replicated Fn test of the 237 strains were an-
alyzed by Weatherspoon and Wentz (26). The analyses of variance 
showed that the strain means differed significantly for plant height, 
number of nodes per plant, number of pods per node, number of seeds 
per pod, percentage of abortive seed, seed size and seed yield. As 
these strains all originated from the same Fa plant, the results indi-
cated little homozygosity in F 3 for factors conditioning the characters 
studied. Davis (2) selected 37 of the highest yielding F!l lines for. 
further testing in replicated trials. He found significant differences in 
mean yield among the strains in both 1933 and 1935 but did not 
evaluate their relationship with results of previous generations. 
MATERIALS AND METHODS 
During the period from 1936 to 1940 many soybean varieties and 
plant introductions were tested at various locations in Iowa. Many 
of these strains were discarded on the basis of their poor performance 
in these tests. A few, although not significantly better in performance 
than the varieties in commercial production, were sufficiently promis-
ing in one or more features to merit use as parents in a hybridization 
program. Since most of those selected as parental material for crosses 
were lacking in lodging resistance, they all were crossed to the Rich-
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land variety. Richland was selected as the common parent because 
of its outstanding lodging resistance, good seed yield, satisfactory 
oil contentof the seed and relatively early maturity. In all, 25 
different crosses were made in the summer of 1941. The F 1 through 
the F 4 generations of these crosses constituted the material studied 
in this investigation. 
The F 1 generations were grown in 1942. In each cross the F 1 
plants were grown between the two parents in 32-inch rows. Within 
rows the plants of parents and F 1 generations were spaced 1 foot 
apart. By this method of planting it was possible to compare aver-
age seed yields per plant of F 1 of each cross with either parent and 
the mean of the two parents. Four of the crosses were remade in 
1945 and tested again in 1946. These crosses were as follows: 
Mukden x Richland, Manchuria 13-177 x Richland, P. 1. 79885 x 
Richland and P. 1. 89009-2 x Richland. In the cross Mukden x 
Richland, in 1942, only adjacent competitive plants of parents and 
F 1 were measured for seed yield. In the other three crosses all 
available plants of each were harvested for yield determinations, 
irrespective of competition. Data on agronomic characters other 
than yield were not taken in 1942. In 1946, however, maturity and 
height were evaluated in addition to yield. The manner of planting 
was changed in 1946 so that plants of both parents and F 1 were alter-
natc1y spaced in each row. Plants within the row were spaced 8 
inches apart: This method resulted in a total separation of only 16 
inches between the three plants in each paired comparison. Although 
this reduced the number of competitive comparisons, it helped to 
decrease the amount of soil heterogeneity. 
Seed harvested from all F 1 plants in each of the 25 crosses was com-
posited and used to plant a bulk popUlation yield test of the F 2 
generation in 1943. In addition to the bulk crosses, Lincoln and 
Richland were entered twice and Mukden once as check varieties to 
give a total of 30 entries in a randomized complete block design with 
six replications. Each replication of an entry consisted of a single, 
drilled 18-foot row which was trimmed to 16 feet just before harvest. 
Another portion of the bulked seed of each cross was planted in a 
separate plot for generation advancement. Using the same pro-
cedures, yield tests of bulk F 3 and bulk F4 generations were grown in 
1944 and 1945, respectively. A small test of the bulk Fa generation 
of four crosses selected for special study was grown in 1945. In that 
test Lincoln, Richland and Mukden each were entered once as 
check varieties in a randomized complete block design with six 
replications. A 32-inch row spacing was used in the 1943 and 1944 
bulk tests and a 3-foot spacing in the 1945 tests. Measurements were 
taken on the following agronomic characters of each cross: yield of 
seed, maturity, height and lodging. The consistency in expression of 
these characters by the bulk populations of the 25 crosses at succes-
sive generations in consecutive years was evaluated by correlations. 
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On the merits of their performance in the bulk F 2 and F 3 yield 
tests in 1943 and 1944, respectively, the two highest and two of the 
lowest yielding bulk crosses were selected for investigation on a pedi-
gree basis. The two highest yielding bulk crosses were Mukden x 
Richland and Manchuria 13-177 x Richland. The two'low-yielding 
bulk crosses were P. 1. 79885 x Richland and P. 1. 89009-2 x Rich-
land. 
A space-planted plot of the F 2 generation of these four crosses was 
grown in 1944. Seed used for this planting was remnant seed of 
composited lots harvested from F 1 plants in 1942. A random sample 
of 200 seeds from each cross was planted in a 32-inch row with a 
uniform spacing of 8 inches between plants within the row. Similar 
plots of Lincoln, Richland and Mukden also were included. In the 
fall of 1944 the first 100 consecutive competitive plants of each cross 
were tagged. Individual plant measurements were made on these 
plants for seed yield, maturity and plant height. Frequency distri-
butions, means, standard deviations and coefficients of variation were 
calculated for each character using the data gathered from the plants 
in each cross and variety. These data provided estimates of the 
amount of variability for each character in F 2 of the crosses as com-
pared with the parental varieties. 
These four crosses were continued on a pedigree basis in the F:I 
generation in 1945, when a yield test of the progenies of most of the 
F2 plants in each cross was grown. The first'77 of the 100 F2 plants 
which produced sufficient seed for planting the F:\ test were selected to 
represent each F 2 population. In addition, the two parents and the 
bulk F 2 and F 3 generations of each cross were included, giving a 
total of 8( entries per cross. The planting plan for each cross con-
sisted of three replications of a 9 x 9 triple lattice. Each entry in a 
replication consisted of a single, drilled 8-foot, row with each row 
spaced 3 feet apart. This test, hereafter called the F:1 line test, was 
designed so that not only differences between lines within 'crosses but 
also differences between crosses could be ascertained. This was 
accomplished by randomizing first by crosses and then by F 3 lines 
within crosses for each replication. Measurements were taken on seed 
yields, maturities, heights and lodging of the F 3 lines in the fall of 
1945 .• Analyses of variance for each of the characters were calculated 
subsequent to harvest. Relationships between F 2 plants grown in 
1944 and means of their progenies in the F 3 line test in 1945 were 
determined for each character by correlations. 
A space-planted row of each of the 77 Fa lines per cross was grown 
in a separate nursery in 1945. In the fall of that year, the first five 
plants in each row were harvested and threshed individually. Their 
seed was used to plant the F 4 line test in 1946. As it was not possi-
ble to test progenies of all Fa lines, it was necessary to take a repre-
sentative sample of the Fa lines in each cross for continuing the study 
into the F 4 generation. This was don,e by first eliminating the 
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extremely early and late Fa lines in each cross, thereby minimizing 
a possible bias from positive correlations between maturity and yield. 
In this manner the number of F;\ lines in each cross was arbitrarily 
reduced to 60. They were then ranked according to yield from high-
est to lowest. As 15 lines appeared about the maximum that could 
be progeny-tested in each cross, the yield arrays were separated into 
15 groups of four each. Using a random start from one to four for 
each cross, every fourth line thereafter was selected to make up the 
total of 15 lines per cross. Each F:I line thus selected was represented 
in the F 4 test in 1946 by progeny of five F 3 plants. 
In all, 75 F4 lines (five F4 lines for each of 15 Fa lines) from each 
cross were grown in a randomized split plot design in 1946. Also 
included in the test were the parents and bulk F 3, F 4 and F u genera-
tions, thus making a total of 80 entries per cross. The design was 
such that three sets of differences for each agronomic character 
under investigation could be measured. These differences were those 
between crosses, between F 3 family progenies and between the five 
F4 lines representing each. Fa family. Each F4 line in the test was 
replicated three times with each replication consisting of a single, 
drilled 8-foot row spaced 3 feet apart. Each replication of the four 
crosses was randomized first on a cross basis, then on an Fa family 
progeny basis for each cross and finally on an F 4 line basis. This 
planting procedure resulted in the greatest accuracy for evaluating 
differences between the F4 lines of any Fa family. Measurements 
were taken on the same agronomic chara~ters in this test in 1946 as 
were taken in the F:I line test in 1945. Relationships between F 2 
plants in 1944 and means of their five descendant F 4 lines in 1946 
were evaluated for each agronomic character by correlations. For 
the cross Mukden x Richland, the availability of F 3 single plant 
data enabled the calculation of a further correlation, that between 
F;l plants and their F 4 line means. 
A frequeht subject for discussion among soybean breeders is 
whether or not a relationship exists among maturity, height, lodging 
and yield in segregating populations of soybean crosses. In order to 
obtain further information pertaining to this question, simple and 
partial correlations between certain of these characters were cal-
culated from data obtained in pedigree tests of F 2, F:I and F 4 genera-
tions in 1944, 1945 and 1946, respectively. Of the possible correla-
tions, only those within each year were determined. . 
All tests in this investigation were conducted at the Agronomy 
Farm, Ames, Iowa. Methods used for evaluating each of the agro-
nomic characters studied were as follows: 
Seed Yield-aU seed was dried to a uniform moisture before weighing. 
Plant seed yields were determined ill grams. Plot yields were 
calculated all a bushels per acre basis. 
Maturity-plants or plots were considered mature when 90 to 100 per-
cent of the pods had turned brown and most of the leaves had 
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fallen. Maturity was taken as number of days after August 31 
when this stage was reached. 
Height-plants or plots were measured in inches for average height 
from the ground to the highest point all mature plants. 
Lodging-plots were assigned lodging scores which ranged from a 
score of 1, where most plants in the row were perfectly erect, to a 
score of 5, where 1110st plants were prostrate. 
Statistical and experimental procedures, as outlined in Sne~ecor 
(20) and Hayes and Immer (8), were used throughout the course 
of these experiments. 
EXPERIMENTAL RESULTS 
Fl GENERATION SPACED PLANT STUDY 
Assuming a judicious choice of parents, the first opportunity to 
measure the potentialities of any cross is in the F 1 generation. In 
a highly cross-pollinated crop such as corn, the performance of the 
hybrid is of primary importance and usually easy to determine. In 
self-pollinated crops, on the other hand,· performance of the F 1 gen-
eration not only is difficult to determine but also is of questionable sig-
nificance. The number of crossed seeds that can be obtained in such 
self-pollinated crops as wheat, oats, barley and soybeans is very 
limited in most breeding programs. This limitation decidedly impairs 
the accuracy of agronomic measurements made in the F 1 generation. 
Moreover, even if accurate F 1 information could be obtained, it 
might not necessarily be indicative of the consequences of segregation 
and recombination that result from continued self-pollination in 
subsequent generations. Experimental evidence on the latter point 
is not abundant, as most investigators have not related the perform-
ance of F 1 generations to that of segregates from the same crosses in 
advanced generations. In this study an attempt was made to obtain 
information on the F 1 generation of several soybean crosses and to 
relate this information to breeding behavior in subsequent genera-
tions. 
SEED YIELD 
Although it is especially difficult to obtain large numbers of 
crossed seeds in soybeans, enough were produced in the crosses 
studied to make limited comparisons of certain agronomic character-
istics in the F 1 generations with those of the parents. Measurements 
of yields were made in both 1942 and 1946 on a single plant basis. 
Mean seed yields in grams per plant for the F 1 generations of four 
soybean crosses as compared with those of the parents appear in 
table 1. The 1942 results with the cross Mukden x Richland were 
the most reliable because only adjacent competitive plants of F 1 
and parents were used for determining yields. This cross also had the 
greatest number of plants. In the other three crosses in 1942, all 
F 1 plants and the parents in each cross were harvested from adjacent 
rows without respect to competition. However, the number of com-
petitive and non-competitive plants was approximately the same for 
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rAnI,E 1. lIIEAN Ym[,DS IN GRAMS PF.R PLANT FOR Fl OI~NERA'l'IONS 
OF FOUJ~ SOYBEAN CROSSER AS COMPAHED 
WITH YIELDS m' PAREN'L'R. 
Parent or hybrid 
plants plant parents I Nu::/ber I G~~~s I yt:~i~f 
-----------------:-----: 
Fl in percentage of: 
------I Mean of 
p, _p_,__ parents_ 
Mukden ..................... . 
Mukden x Richland .......... . 
Richland .................... . 
Manchuria 13-177 ............ . 
Manchuria 13-177 " Richland .. . 
Richland .................... . 
p. 1. 79885 .................. . 
p. 1. 79885 x Richland ........ . 
Richland .................... . 
p. 1. 89009-2 ................. . 
p. 1. 89009-2 x Richland ...... . 
Richland .................... . 
Mukden ..................... . 
Mukden x Richland ........... . 
Richland .................... . 
Manchuria 13-177 ............ . 
Manchuria 13-177 x Richland .. . 
Richland .................... . 
p. 1. 79885 ................. .. 
P. 1. 79885 x Richland ........ . 
Richland .................... . 
P. 1. 89009-2 ................. . 
P. 1. 89009-2 x Richland ...... . 













































43.4 146.5 124.0 134.3 
the two parents and the hybrid so that the comparisons seemed 
worthy of inclusion. Only competitive plants were evaluated in each 
cross in 1946. . 
F 1 plants of all crosses produced a higher average yield per plant 
than the mean of the two parents in both years. It should be noted, 
however, that the amount of superiority varied considerably from 
cross to cross. In 1942, the F 1 generation of all crosses exceeded the 
higher yielding parent, while in 1946 this occurred with only two of 
the four crosses. Since Richland was a common parent, comparisons 
of F 1 plant yields with it were of interest. F 1 crosses Manchuria 
13-177 x Richland and P. 1. 89009-2 x Richland exceeded the Rich-
land parent to the greatest extent in yield in both years. The F 1 
cross Mukden x Richland produced the smallest average increase 
in yield over the Richland parent of the four crosses in 1942 and was 
second lowest in 1946. If F 1 yields were related to the possibility 
of obtaining high yielding segregates in later generations, the expecta-
tion would be that the cross Mukden x Richland would be the least 
promising of the four crosses from a yield standpoint. 
685 
TABI,E 2. MEA)! ::'lATUlUTmS IN NUMRER OF DAYS AFTElt AUGUST 31 
FaIt <', GENF:RATIO)!S OF <'OUR SOYnJUN CROSSES AS 
cm.IPARrm WITH MATURITIES 01·' PARENTS. 
Parent or hybrid Number Mean 
Fl expressen ilS days earlier 
(-) or later (+) than:' 
of Mean maturity Mean of 
___________ ._.:..pl_a_nt_'_~-m-at-u-ri-ty-I--of~p:....a-re-n-ts_. __ f_'_ p, parents 
:::jlY::I:~~:4.:lf3:6:: :::f~:~~: Mukden ..................... . Mukden x Richland .......... . Richland .................... . 
Manchuria 13-177 ........... . 
Manchuria 13-177 x Richland .. . 
Richland .................... . 
P. I. 79885 .................. . 
I'. I. 79885 x Richland ........ . 
Richland .................... . 
P. 1. 89009-2 ................ . 
P. 1. 89009-2 x Richland ...... . 
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MATURITY 
Mean maturities for F 1 of the four crosses as compared with 
maturities of the parents in 1946 are presented in table 2. The 
average maturity of F 1 plants was between the two parents in two 
of the crosses and slightly later than either parent in the other two. 
It seemed possible, therefore, that opportunities for securing segre-
gates later than either parent in subsequent generations were greater 
with crosses P. 1. 89009-2 x Richland and P. 1. 79885 x Richland 
than with the other two crosses. As will be shown, this supposition 
proved to be true for the latter cross in advanced generations. 
PLANT HEIGHT 
Comparative measurements on plant height also were obtained in 
1946 on a few parental and F 1 plants in each cross. These mean 
TABI,E 3. MEAN HEIGHTS IN INCHES FOR Fl GENERA'I'IONS OF FOUR 
SOYBEAN CROSSES AS OOMPAHED WITH HEIGHTS OF PARENTS. 
Parent or hybrid 
Mukden ..... , ... " ..... ,., .. . 
Mukden x Richland .......... . 
Richland .... , ... , .... , .. , .. ,. 
Manchuria 13-177 ............ . 
Manchuria 13-177 x Richland .. . 
Richland ..... , ... , ...... , ... . 
1'. I. 79885 .. , .............. :, 
P. I. 79885 x Richland ..... , , , . 
Richland ....... , .... , ....... , 
P. I. 89009-2 ........ , ........ . 
P. 1. 89009-2 x Richland ...... , 
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height measurements are shown in table 3. In only one of the four 
crosses, namely, P. I. 89009-2 x Richland, were F 1 plants taller on the 
average than either parent. In the other three crosses F 1 plants were 
intermediate to the parents in height. In light of these results it 
might have been expected that possibilities of finding segregates taller 
than either parent were greatest in the cross P. I. 89009-2 x Richland 
a9d less in the other crosses. Likewise, the opportunity for finding 
segregates exceeding Richland in height in cross P. I. 79885 x Rich-
land seemed somewhat remote. As will be seen in later sections, 
these predictions actually were correct. However, it also will be 
shown that these observations made in the F 1 generation were not 
necessarily indicative of the extensiveness of segregation for plant 
height in later generations. 
BULK POPULATION TESTS 
The simplest method of testing bulk crosses in a practical breeding 
program with self-pollinated crops is to grow successive generations 
in consecutive years. This procedure eliminates the necessity of 
maintaining seed stocks in storage for several years or the remaking 
and continued growing of successive generations so that several bulk 
generations can be tested in the s~me year. It also removes the 
undesirable consequences of differential seed viability resulting from 
storage. With a crop such as soybeans, however, this method has 
certain definite disadvantages. Soybeans are quite sensitive to 
damage from early frosts, especially when full-season adapted vari-
eties are grown, and relative differences among varieties are known ~o 
vary considerably with environmental fluctuations due to seasonal 
and locality changes. Furthermore, in early segregating generations 
the proportions of early and late segregates in bulk populations of 
crosses may be altered by time of occurrence of the first killing frost 
in the fall. Consequently, these factors provide limitations to the 
breeding value of early generation testing of bulk crosses in soybeans, 
even though this procedure might actually be indicative' of the 
potentialities of future segregates if testing could be carried out under 
uniform conditions. . 
SEED YIELD 
In this study bulk F 2 , Fa and F4 generations of 25 soybean crosses 
were tested in successive years with three of the commercially im-
portant parental varieties included as checks. Table 4 shows the aver-
age seed yie~ds and yield ranks of the crosses and the average seed 
yields of the varieties that were obtained. Lincoln was the highest 
yielding variety each year. Richland and Mukden were among 
the poorest yielding entries in each test except the bulk F 4 test in 
1945, when they were near the midpoint of the yield array. As an 
average for the 3 years, Lincoln ranked first, Mukden second and 
Richland third in yield. Variety test plots at Ames over a period 
TABLE 4. MEA:;[ YIELDS IN BUSHEl,S PER ACRE AXD YIELD HANKS OF BULK F., Fa AXD ]<'. GENERATIONS OF 25 SOYBEAN 
CROSSES AND THREE CHECK V AHIETIES GROWN IN SUCCESSIVE YEARS. 
1943 1944 1945 1943 to 1945 
Cross or variety I Cross 
Average 1- Rank number l Bulk F, I Rank Bulk F, Rank Bulk F. Rank (Bu.) (Bu) (Bu.) (Bu.) 
Dunfield x Richland .................................. 1115 46.3 4 37.2 5 34.9 17 39.5 4 
JIlini x Richland ..................................... 1315 45.2 8 35.8 15 33.3 23 38.1 18 
Mukden x Richland .................................. 1415 48.1 1 37.1 7 37.0 2 40.7 1 
Richland x Mandell ................................... 1512 4-1.5 13 .14.7 17 35.5 14 38.2 14 
Richland x B. H. Manchu ............................. 1516 45.4 6 34.1 21 35.1 16 38.2 14 
Richland x Mandarin 507 ............................. 1517 42.3 20 31.1 25 35.7 8 36.4 23 
Richland x Linman 533 ............................... 1518 44.9 11 36.9 8 36.1 7 39.3 i 
Richland x Wis. ~Ianchu 1\"0. 3 ........................ 1519 ' 45.4 6 36.1 14 36.5 4 39.3 7 
Manchuria 13-1 i7 x Richland .......................... 2715 48.1 1 36.9 8 :13.4 22 39.4 5 
L34R12 x Richland ................................... 2815 47.4 3 37.2 5 35.6 9 40.1 2 
1.6-12 x Richland ..................................... 2915 45.2 8 36.6 12 34.6 19 38.8 10 
Lincoln x Richland ................................... 3015 45.2 8 34.6 18 36.7 3 38.8 10 
P. 1. 30600-2 x Richland .............................. 3115 I 43,4 15 39.2 2 35.6 9 39.4 .I P. 1. 65346 x Richland ................................ 3215 41.3 24 37.9 3 37.8 1 39.0 9 
• P. 1. 684;4 x Richland ................................ .H15 42.6 19 34.4 20 34.9 17 37 .. ~ 21 
Richland x P. 1. 68474-1. ............................. 15.14 46.3 4 34.6 18 35.6 9 38.8 10 
P. 1. 79885 x Richland ................ , .............. , 3515 42.3 20 34.1 21 33.1 24 36.5 22 
P. 1. 88298 x Richland ................................ 3615 43.0 17 37.4 4 35.2 15 38.5 13 
P. I. 89009-2 x Richland .............................. 371.1 41.6 23 33.0 23 31.7 25 35.4 25 
P 1. 91161 x Richland ................................ 3815 44.8 12 39 .. ~ 1 36.3 5 40.1 2 
P. I. Q2592 x Richland ................................ 3915 42.2 22 36.8 10 35.6 9 38.2 14 
P. 1. 92608 x Richland ................................ 4015 42.7 18 36.7 11 34.3 21 37.9 19 
P. 1. 92611 x Richland ................................ 4115 38.2 25 36.3 13 34.6 _ 19 36.4 23 
P. 1. 92707 x Richland ................................ 4215 43.3 16 35.0 16 36.3 5 38.2 14 
Richland x P. 1. 92717 ................................ 1543 H.7 14 33.0 23 35.6 .9 37.5 20 
Lincoln . .. ....................... ,. .............. .......... 52.8 .......... 41. 8 I .......... 39.9 44.8 Richland ........................................ .......... 39.7 . ......... 33.3 .......... 35.7 36.2 
::.!ukden ......................................... .......... 41.0 .......... 35.4 35.1 37.1 
tThe first two digits in each cross number represent the female parent and the last two the male parent; e.g. in cross 1115, Dunfield was parent 





rABJJE 5. ANALYSIS OF VARIANCE OF YIELDS AND COEFFICIENTS OF 
VARIATION FOR BULK F2. Fn AND F. YIELD TESTS OF 25 
SOYBEAN CROSSES AND THREE CHECK VARIETIES 
GROWN IN SUCCESSIVE YEARS. 
Mean squares 
Source of variation D.F. 
generation generation generation 1943 to 
Bulk F. I Bulk F, I Bulk F. I Combined 
_________ , _______ .' __ 1_94_3_1 1944 1945 1945 
Replications............... 5,5,5,15 I 64.74 I 18.17 47.32 4.~.41 
~::::::i::: ~:~:::~~ .. ::::: 29 ... ~~:~~~~ ... ~~:~~~~ ... :7 :~~~~ 4.3::':::: 
Crosses and varieties x I 
generations .............. 145.14/:45.435 ... ;~:~~ ...... ~:;; ...... ~:~~.. 1::::** 
,Experimental error, ... ,.,.. ____ ! ____ I ____ I_. __ _ 
Coefficient of variation ..... : .................... I 8.1 % I 8 2 % 7.7% 8.1% 
·or the varieties. Lincoln and Richland were entered twice and Mukden once in each 
test. 
··Significant at the 1 I,ercent level. 
of years have shown similar differences in yield among the three 
varieties. 
Differences in mean yield among varieties and bulk popUlations 
of the crosses were highly significant in each test and in the combined 
test, as shown by analyses of variance in table 5. The average yield 
of all entries varied considerably among years because of seasonal 
fluctuations. One of the more important features of the combined 
analysis from the standpoint of bulk yield testing was the highly 
significant interaction of crosses and vafieties with generations. This 
indicated that the relative differences in yield among the crosses and 
varieties were not the same from generation to generation (year to 
year). Certain of the crosses, e.g. Mukden x Richland and L34R12 
x Richland, were relatively high in yield in each test. P. 1. 79885 x 
Richland and P. 1. 89009-2 x Richland, on the other hand, were 
consistently low in yield. Other crosses, however, varied consider-
ably in yield rank from year to year. The cross Manchuria 13-177 
x Richland was first in yield rank in the bulk F 2 test, eighth in the 
bulk Fa test and twenty-second' in the bulk F 4 test. Conversely, P. 1. 
65346 x Richland was twenty-fourth in 1943, third in 1944 and first 
in 1945. Although the latter two crosses were the extremes for this 
type of comparison, several others performed in a similar manner. 
Results with this group of bulk crosses certainly would leave some 
doubt as to the feasibility of relying upon a bulk yield test of the 
F:! generation alone for measuring differences in yield performance 
among bulk populations of soybean crosses. 
Another important feature 'was apparent when these results were 
compared with those obtained in the F 1 generation for four of the 
crosses. In the F 1 generation Mukden x Richland seemed to be the 
poorest and P. 1. 89009-2 x.Richland one of the best in respect to 
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yield. The situation was reversed, however, in bulk population tests 
where Mukden x Richland was the best and P. I. 89009-2 x Richland 
the poorest in yield in each generation. Several reasons for this 
reversal in performance may be postulated. One is that there possi-
bly was an interaction between the two methods of planting, since 
the F 1 generation was space-planted and the segregating populations 
drilled. Another is the probable difference in experimental accuracy 
of the results. A third postulation is that the degree of dominance 
and the extent of segregation for yield genes were variable among 
the crosses. Very probably all of these factors influenced the per-
formance of the crosses to some extent at the successive generations 
studied. 
Differences in combining ability among various varieties and 
strains of soybeans have previously received little study in hybridiza-
tion work. Consequently, parents for crosses have been selected 
primarily on the basis of their performance in test plots rather than 
on a combination of performance and known breeding prepotency. 
Yields of bulk popUlations of Lincoln x Richland and Mukden x 
Richland provided some interesting information on combining 
ability. Since Richland was a common parent to both crosses, yields 
of the bulk populations of these crosses might be used as an indication 
of the contributions of the Mukden and Lincoln parents to the crosses. 
Lincoln has consistently out yielded Mukden in varietal test plots at 
Ames, although the two varieties are similar in other important 
agronomic characteristics. It was expected, therefore, that the bulk 
populations of Lincoln x Richland would be higher yielding than 
those of Mukden x Richland. The results, however, were not in 
agreement with this expectation. Each of the bulk generations of 
Mukden x Richland out yielded those of Lincoln x Richland. Differ-
ences became smaller, however, with each successive generation. 
When compared with parental yields, Lincoln x Richland was lower 
than the mean of the two parents in each bulk test, while Mukden x 
Richland was above the yield of the higher yielding parent. These 
results indicated that the combining ability for yield of Mukden with 
Richland was better than that of Lincoln with Richland. Similar 
differences in combining ability probably existed among the other 
parents but could not be evaluated in this way because all parents 
were not included in the bulk tests. 
MATURITY 
Time of maturity is another agronomic character of considerable 
importance in soybeans. Varieties that mature about the time of 
the first killing frost in the fall in any locality usually yield more on 
the average than those which mature either sooner or later. Conse-
quently, it is an important factor in the evaluation of segregating 
popUlations. 
Mean maturities of bulk F 2, F 3 and F 4 generations of the 25 crosses 
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TABLE 6. MEAN MATURITIES IN NUMBER m' DAYS AFTER AUGUST 31 OF 
BULK F., Fs AND F_ GENERATIONS OF 25 SOYBEAN CROSSES AND 
THREE CHECK VARIETIES GROWN IN SUCCESSIVE YEARS. 
Bulk F, 
Cross number or variety. 1943 
Bulk F, Bulk F. I Average 
1944 1945 1943 to 1945 
IllS ........... :...................... 30 29 40 33 
1315.................................. 33 34 42 36 
1415. .. . . .. . .. . . .. . ... . . . .. . . . . ... . .. . 23 27 36 29 
1512. ................................. 32 33 42 35 
1516.................................. 31 30 40 34 
1517. .......... ....................... 13 10 24 16 
1518.................................. 26 26 37 29 
1519.................................. 26 25 36 29 
2715.................................. 36 35 44 38 
2815.................................. 33 35 43 37 
2915. ................................. 32 35 42 36 
3015 ............ '" ...... ............. 33 36 42 37 
3115.................................. 29 26 37 31 
3215. ................................. 28 27 38 31 
3315.................................. 28 26 39 31 
1534.................................. 33 33 43 .~6 
3515.................................. 27 26 .H 30 
3615. .... . . .. .. . . .. .. .. . . .. . . . . . .. .. . . 28 
3715.................................. 32 
27 38 31 
36 44 37 
3815.................................. 29 27 39 31 
3915.................................. 29 27 37 31 
4015.................................. 28 
4115. ...... .. . ....... .. .. . . .. . . ... . . .. 28 
26 39 31 
27 38 31 
4215.................................. 31 
1543. ................................. 33 
28 41 33 
32 41 35 
Lincoln................................ 30 
Richland. . . .. .. .. .. . .. . . . . . . . . . . . . . .. . 20 
Mukden...... ...... ...... ............. 26 
27 37 31 
18 30 2,1 
26 39 30 
*Pnrentnge of crosses aPllenrs in table 4. 
and three varieties appear in table 6. The average maturity of all 
entries was about the same in 1943 and 1944 but, because of a cool, 
wet spring, approximately a week later in 1945. Differences between 
"the bulk crosses in time of maturity were evident in each generation 
and remained fairly consistent from year to year. \ Although the 
method used to measure maturity was biased towards the later side, 
the maturities of the bulk populations were somewhat indicative of 
the relative proportions of early, medium and late types in each 
cross. As an example, bulk generations of cross 1517 were composed 
primarily of plants earlier than Richland, which was the later of the 
two parents. 
The same crosses used to indicate differences in combining ability 
for yield among the parental varieties can be used for the same pur-
pose with maturity. Bulk generations of cross 1415 were similar 
to the later parent in average maturity. Bulk populations of cross 
3015, however, were definitely later than Lincoln, the later parent. 
If the parents had been included, cross 2715 probably would have 
been slightly earlier in average maturity than the later parent and 
crosses 3515 and 3715 somewhat later than the later parent in the 
same respect. These possibilities would have been in accord with the 
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postulations based on maturity measurements made in the F 1 genera-
tions of these crosses. Maturity readings in early generations of 
bulk soyJjean crosses, therefore, may give some indication not only of 
the maturity composition of the populations of each cross but also 
of the genotype of the parents. 
HEIGHT 
Certain varieties of soybeans, when grown in Iowa, are too short 
to harvest satisfactorily with a combine. This is one of the disad-
vantages of Richland when grown on lighter soils. 1t is desirable, 
tht'refbre, to develop varieties tall enough so that all pods on the 
lower parts of the stems can be harvested. As shown in table 7, all 
bulk crosses were taller than the Richland parent in average plant 
height. Almost half of them were about as tall as Lincoln and Muk-
den, varieties with a satisfactory height for combining. A few, how-
ever, were only an inch or two taller than Richland in average height. 
Results obtained with four of these crosses in the space-planted 
F 1 generation showed that cross 3715 was the only one which 
exceeded both parents in average plant height. The other three 
were between the two parents in the same respect. Average heights of 
TABLE 7. MEAN HEIGHTS IN INCHES OF BULK F., Fa AND F. GENERA-
TIONS OF 25 SOYBEAN CROSSES AND THREE CHECK 
VARIETIES GlWWN IN SUCCESSIVE YEARS. 
BulkF, 
Cross number or variety" 1943 
1115 ........................ ,......... 46 
1315. ................................. 48 
1415.................................. 43 
1512... ........................... .... 46 
1516........ ....... ................... 46 
1517.................................. 38 
1518.... ......................... ..... 41 
1519.................. ......... ....... 41 
2715. .... . .. .... .. .. . .... .... . . ...... . 49 
2815. .. .. . . . .. .. .. .. .. . . . . .... . ...... . 44 
2915................ ........... ....... 44 
3015.................................. 47 
3115.. ......................... ....... 44 
3215.................................. 39 
3315.................................. 40 
1534................ .................. 38 
3515........ ......... ................. 38 
3615 .................... ,............. 41 
3715.................................. 43 
3815.................................. 43 
3915. . ...... .. .. .. .. . ...... .. . . . .. . . . . 43 
4015........ .......................... 42 
4115. ....... ......... ........... ...... 40 
4215........ .......... ................ 44 
1543.................................. 45 
Lincoln............... ...... .... ....... 47 
Richland. . .. . . . .. . . . . . . .. . . .. . . . . . .. . . 36 
Mukden.................. ..... ........ 47 
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TABLE 8. MEAN LODGING SCORES OF BULK F2. F3 A;\ID F. GENERATIONS 
OF 25 SOYBEAN CROSSES AND THREE OImCK VARIETIES 
GROWN IN SUCCESSIVE YEARS. 
Bulk F, 
Cross number or variety' 1943 
Bulk Fa BulkF. AVerage 
1944 1945 1943 to 1945 
1115.................................. 3.0 1. 2. 2.7 2.3 
1315.~................................ 3.0 1.8 2.8 2.6 
1415.................................. 2.8 1.0 2.2 2.0 
1512.................................. 3.0 1.2 2.7 2.3 
1516.................................. 3.0 1.5 2.8 2.4 
1517.. ..... .... .... ... ..... ...... ..... 2.0 1.0 1.0 1.3 
1518.................................. 3.0 1.5 2.2 2.2 
1519.................................. 3.0 1.5 2.2 2.2 
2115 .................................. 3.8 1.8 3.0 2.9 
2815. ................................. 3.0 1.5 2.8 2.4 
2915......... .... .............. ....... 3.0 1.5 2.8 2.4 
3015......................... 3.0 1.3 2.5 2.3 
3115......................... 3.0 1.7 2.5 2.4 
3215......................... 3.2 1.3 2.8 2.4 
3315.............. .................... 3.2 1.2 2.5 2.3 
1534.................................. 3.3 1.7 3.0 2.7 
3515.................................. 3.2 1.0 2.7 2.3 
3615..... ..... .... ...... .......... .... 3.0 1.5 2'.3 2.3 
3715.................................. 3.0 1.3 :1.2 2.5 
3815.................................. 3.3 1.5 2.8· 2.6 
1.0 2.2 2.1 
1.3 2.7 2.4 
1.3 2.5 2.4 
1.3 2.7 2.3 
1.3 2.5 2,3 
3915.................................. 3.0 
4015.................................. 3.3 
4115......... .... ........... .......... 3.5 
4215.................................. 3.0 
1543......................... 3.0 
1.9 2.8 2.6 
1.0 1.3 1.7 
1.2 3.2 2.4 
Lincoln................................ 3.0 
Richland. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . 7 
Mukden............................... 2.8 
*Parentnge of cross:::s n..ppear~ in table 4. 
the same crosses in the bulk tests agreed quite well with the F 1 
expectations. Cross 1415 was between the two parents in height in 
each bulk test. Cross 3715, on the other hand, was definitely taller 
than Richland, the taller of the two parents, in each generation from 
bulk F 2 to bulk F 4. In this case height differences among the 
crosses, as measured in F 1, were related to average performance of 
subsequent bulk generations. 
LODGING SCORE 
Lodging, like plant height, is an important factor in combine 
harvesting of the soybean crop. Difficulties are measurably increased 
when lodging-susceptible varieties are grown on the fertile soil types. 
It was primarily because of its high degree of lodging resistance that 
Richland was selected as the common parent for these crosses. As 
indicated by the lodging scores in table 8, bulk populations of the 
crosses differed in their ability to stand up. Although only one of 
the crosses lodged less than Richland, most of them stood up as well 
as Mukden, whose lodging resistance generally has been better than 
most other parental varieties of the 25 crosses in test plots at Ames. 
In bulk tests the cross Manchuria 13-177 x Richland (cross 2715) 
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TABLE 9. CORRF:LA'l'ION COEFFICIENTS FOR MF:AN YIELDS, MATURITIES, 
HEIGHTS AND LODGING SCORES AMONG BUI,K F., F3 AND 
p, GENERATIO:-<S OP 25 SOYBEAN CROSSF:S 
GROWN IN SUCCESSIVE YEARS. 
Bulk generations and years 
F, 1943 and F, 1944 .... .............. 
F, 1943 and F, 1945 ...... ............ 
F. 1944 and F, 1945 .................. 
*P less than 0.05. 


















was poorest in lodging resistance, while Mukden x Richland (cross 
1415) was one of the best. Bulk populations of crosses 3515 and 
3715 were intermediate among the crosses for lodging score. Most 
bulk crosses contained a sufficient number of plants with good lodging 
resistance for effective selection of this character. 
CORRELATIONS 
Correlations between bulk generations of the crosses were calcu-
lated for each of the four agronomic characters studied to obtain 
a measure of consistency in performance in consecutive years. These 
correlations are shown in table 9. None for yield approached signi-
ficance. Those for the other characters, however, all were statistically 
significant. Results for anyone generation or year apparently were 
a poor indication of differences in yield performance among the bulk 
populations of the crosses. Differences in maturity, height and lodg-
ing, on the other hand, were evaluated with reasonable accuracy in 
anyone of the bulk generations. 
1945 BULK F:1 TEST 
An additional bulk yield' test of the F 3 generations of the four 
crosses selected for study on a pedigree basis was grown in 1945. The 
same varieties as used in previous bulk tests were included as checks. 
TABLE 10. MEAN YIELDS, MATURITIES IN NUMBER OF DAYS AFTER 
AUGUST 31, HEIGHTS AND I,ODGING SCORES OF BULK F3 
GE:-<F:RATIONS OF POUR SOYBEAN CROSSES GROWN 
IN 1945 WITH THREE CHECK VARIETIES. 
Cross number Yield Height in Lodging 
or variety* (Bushels per acre) ~Iaturity inches score 
1415 .................. 34.4 37 38 2.7 
2715 .................. 36.9 44 36 3.2 
3515 .................. 34.8 37 32 2.8 
3715 ........... : ...... 31.0 43 37 3.2 
Lincoln ................ 38.8 38 39 2.5 
Richland .............. 36.3 30 36 1.2 
Mukden ............... 34.8 38 40 2.8 
*Pnrcntuge of CTosses appears in lable 4, 
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'l'ABL]!; 11. ANALYSIS OF VARIANCJ<: OP YIJ<:LDS AND TIn] COE~'l<'ICIJ<:N'l' 
o~' VARIA'l'TON FOR BULK ~'" TES'!' OF FOUlt SOYln]A~ CRUSSES 
AND THlmE CHECK VARlWfIES GROWN I~ 1915, 
Source of variation 
Replications .................................... . 
Crosses and varieties . ........................... . 




Coefficient of variation. . . . . . . . . . . . . . . . . . . . . . . . . .. . .................. . 






Mean agronomi!= results obtained in this test are presented in table 
10. The analysis of variance of yields and the coefficient of variation 
appear in table 11. As the mean yields of the crosses varied more 
than the mean yields of the varieties, little would have been gained 
by partitioning the mean squares for crosses and varieties and experi-
mental error into their component parts. 
In this test the relative differences among the crosses and varieties 
in maturity, height and lodging score were very similar to those found 
in the other bulk popUlation trials. Yields of the three check varie-
ties also were about the same as in the bulk F 4 test conducted that 
year. Differences in yield among the bulk F 3 popUlations of the 
crosses, however, were not the same. Cross 2715 was the highest of 
the four crosses in yield in this test. Crosses 1415 and 3515 were 
intermediate in yield, and cross 3715 was the lowest in yield. These 
results further substantiated the inconsistencies in yield performance 
of the bulk populations at successive generations and in different 
years. 
F2 GENERATION SPACED PLANT STUDY 
Among plant breeders the pedigree method of handling segregating 
populations of crosses in self-pollinated crops is used more commonly 
. than the bulk method. Selection of desirable plants in F 2 generally 
,is based on visJlal observations of the characteristics of each plant. 
Characters which are simply inherited usually can be easily selected. 
Characters inherited in a complex manner, on the other hand,are 
difficult to select for, since the environment may mask the true 
expression of the genotype of a plant. Most plant breeders select 
only the most vigorous, high yielding F 2 plants which appear satis-
factory for time of maturity, plant height and other desired characters 
within each cross. This practice, in light of the probable effects of 
environment on plant phenotypes, raises a questio~ as to its value 
in a breeding program. In other words, are observed differences for 
such complex characters as yield, maturity and height among spaced 
F 2 plants of a cross primarily of an environmental nature or of a 
genetic nature due to segregation? The greater the effects of the 
TABI,E 12. FREQUENCY DISTRIBUTIONS FOR SEED YIELD PER PLANT OF 100 CONSECUTIVE COMPETITIVE PLANTS IN 
F. GENERATIONS Q}' EACH OF FOUR SOYBEAN CROSSES AND IN EACH OF THREE VARIETIES WITH 
THElI~ MEANS, STANDARD DEVIATIONS AND COEFFICn~NTS OF VARIATION. 
Yield in grams per plant (Class center) 1f ukden " I Manch ';ria 1"3-1 P. 1. 79885 x P. I. 89009-2 Richland 177 x Richland Richland " Richland 
(Cross 1415) (Cross 2715) (Cross 3515) (Cross 3715) 
Richland Mukden 
~g:::::::::::::::::::::::::::::::: :1::::::: i::::: :I····:-··~······ 1 1 4 ...... ;~ ...... :::::::::::::: I·······~······ 
20 ................................ . 
25 ................................ . 
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Standard deviation ...•.•............. 
























TABLE 13. FREQUENCY DISTRIBUTIONS FOR MATURITY IN NUMBER OF DAYS AFTER AUGUS'l' 31 OF 100 CONSECUTIVE 
COMPETITIVE PLANTS IN F. GENERATIONS OF EACH OF FOUR SOYBEAN CROSSES AND IN EACH OF THREE 
VARIETIES WITH TlIEIR MEANS, STANDARD DEVIATIONS AND COEFFICIENTS m' YARIATION. 
Days after August 31 (Class center) Mukden x I Manchuria 13'1 P. L 79885 x I P. L 89009·2 Richland 177 x Richland Richland x Richland 
(Cross 1415) (Cross 2715) (Cross 3515) (Cross 3715) 
------ --- ---- ----
1~: : :::::::::::: ::::::::: ~::::::::: I::: : ::: : :::::: 1 9 1 5 15 .............. 4 4 
15 ...................•............. 
20 ................................ . 
25 ................................ . 
30 ..............•.................. 
35 ................................ . 








Mean ............................. . 
Standard deviation .................. . 

































































environment, the less will be the breeding value of visual selection for 
these characters. The pedigree studies reported her:ein were con-
ducted in an attempt to gain further information on this problem as 
it relates to selection in segregating populations of soybean crosses. 
Measurements for seed yield, maturity and height were made 
individually on 100 consecutive competitive spaced plants in each. 
of three varieties and in the F 2 generation of each of four crosses. 
Frequency distributions of seed yield per plant for these crosses 
and varieties are found in table 12. The mean, standard deviation 
and coefficient of variation for each distribution also are included. 
The means were not comparable, since there were no replications, 
but the distributions and their standard deviations provided interest-
ing comparisons among the crosses and varieties. Although the 
range in seed yield was greater for each of the crosses than for any 
of the three varieties, the differences were not nearly as large as was 
expected. These relatively small differences were substantiated by the 
standard deviations, which were not much larger for two of the crosses 
than for the varieties. The standard deviations for the other two 
crosses, however, were about twice as large as those of the varieties. 
These results indicated that a major portion of the variability in seed 
yield among F 2 plants of each cross was due to environmental rather 
than genetic causes. Selection for differences in yielding ability 
among these plants, therefore, probably would not have been too 
valuable from a genetic standpoint. 
Date of maturity in soybeans generally is not affected as.much by 
the environment as is yield. As shown by the frequency distributions 
in table 13, range in maturity of F 2 plants in each cross was greater 
than that of the plants in any variety. Differences in maturity among 
F 2 plants of each cross apparently wer:e affected more by genetic 
segregation than differences in yield, as indicated by the relative sizes 
of the standard deviations of the crosses in comparison with those for 
varieties. Consequently, selection for maturity differences among 
F 2 plants of each cross might have been of more value genetically 
than selection for differences in yielding ability. 
Frequency distributions for plant heights in inches of each F 2 
cross and variety appear in table 14. In general, there was somewhat 
less variability for plant height among the crosses than there was 
for maturity. Coefficients of variation of height distributions for 
two of the crosses were not greatly different than those of the varie-
ties, but for the other two crosses, they were more than twice as 
large. In the latter two crosses, namely, crosses 3515 and 3715, 
genetic segregation probably accounted for a greater proportion of 
the total variation for height than it did for yield. The range in 
plant height among F2 plants of cross 3715 indicated that a certain 
amount of transgressive segregation occurred for this character, since 
Richland was the taller of the two parents. In fact, the F 2 plant 
results with this cro!\S agreed very closely with the suppositions made 
T.\BLE 14. FREQUENCY DISTRIBUTIONS FOR PLANT HEIGHT IN DWHES OF 100 CONSECUTIVE COlIPETITIYE PI,ANTS IN 
F. GENERATIONS OF EACH OF FOUR SOYBEAN CROSSES AND IN EACH OF THREE VARIETIES 
WITH THEIR lIEA~S, STANDARD DEVIATIONS AND COEFFICIENTS OF VARIATIO~. 
Plant height in inches (Class center) Mukden x 11I1anchuria 13· Richland 177 x Richland 
(Cross 1415) I (Cross 2715) 
l~::::::::::::::::::::::::::::::::t:::::::':::J::::::::::::: 
20 ................................ . 
25 ................................ . 
30 ................................• 
35 ................................ . 
40 ...••.......•••........••......•• 
45 .•............................... 
50 ................................ . 
l\.fean ............................. . 
Standard deviation ..........•........ 
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about its height potentialities on the basis of the spaced F 1 plant 
and bulk population tests. An unexpected result in the F 2 plant study 
was the relatively narrow range for plant height in cross 2715. As the 
two parents of this cross differed widely in plant height and the 
same F 2 plants were among the most variable of the four crosses for 
yield and maturity, a greater range in plant height was expected. 
The 100 spaced F 2 plants per cross that were measured for their 
agronomic charac~eristics constituted ,a reasonably random sample of 
the F 2 population of plants in each of the crosses. As the crosses 
were not replicated, the plants were grown and harvested under con-
ditions similar to those usually encountered in making plant selections 
in segregating populations. The common practice of selecting only 
the better yielding plants in segregating populations of crosses did not 
seem justified on the basis of results secured in this study. If these 
samples of F 2 plants truly gave an indication of the extent of vari-
ability for seed yield among all plants of the F 2 popUlations, random 
selection of plants probably would have been about as successful in 
the attainment of high yielding genotypes in these populations as the 
selection of high yielding plants. Replicated progeny tests of most of 
these plants were grown In the F:) generation the next year to obtain 
additional information on breeding behavior of the F 2 generation. 
F:l generation results are presented and discussed in the succeeding 
section. 
F~ LINE TEST 
In the previous section it was shown that the environment appeared 
to have a pronounced effect on phenotypic differences among F:l 
plants of four soybean crosses included in this investigation. If the 
usual pedigree method of breeding had been continued, seed from the 
most desirable appearing F 2 plants would have been planted in 
progeny rows the succeeding year. Here again the environment prob-
ably would have influenced the expression of agronomic differences 
among the lines. 
Most of the F 2 plants in each cross produced sufficient seed for 
planting replicated progeny tests. In all, progenies of 77 of the F 2 
plants per cross were planted in 1945 to study their breeding behavior 
in F:1• This procedure made possible a more accurate appraisal of 
agronomic differences among the Fa lines than the usual pedigree 
method. It also made possible a comparison of the characteristics 
of individual II' 2 plants and the means of their replicated progenies in 
the Fa generation. 
SEED YIELD 
As shown by the analyses of variance of yields of the 77 F;) lines, 
parents and bulk F 2 and Fa generations in each of, the four crosses 
in table 15, the mean yield differences among the entries were highly 
significant in three of the four crosses. In the fourth cross the 
TABLE 15. AN.~LYSES OF VARIANCE OF YIELDS OF 77 Fa LINES. PARENTS AND BULK F2 AND Fa GENERATIONS OF EACH 
Ol' FOUR SOYBEAN CROSSES. 
Source of variation 
Replications ...................................................... 1 
Blocks (eliminating lines) ......................................... . 





Error (intrablock) ................................................ '1134, 134, 136, 136 
Error (randomized complete block).... . .. .. . . ... .. .. . . . . . . . .. . . .. ... 158, 158, 160, 160 
Gen,?"!,1 mean in bushels per acre .................................. . 
Precision ........................................................ . 
Coefficient of variation ........................................... . 
Average standard error of a difference (bushels per acre) ... ........... . 














Manchuria 13· P.1. 79885 x P. I. 89009·2 x 
177 x Richland Richland Richland (Cross 2715) (Cross 3515) (Cross .1715) 
82 72 .156.23 1.504.08 
30 73 19.40 27.9i 
61.12* 35.13* 22.87 
18.53 13.01 14.92 
20.39 13.97 16.88 
4-1.2 47.7 40.2 
103.9% 102.3% 105.8% 
10.0% 7.7% 9.9% 
3.62 3.02 3.26 
'" 8 
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differences approached significance. Frequency distrib1;ltions of 
mean yields of Fa lines in each of the crosses, however, showed that 
only a few of the lines were significantly higher or lower in yield than 
Richland, the common parent. These distributions are recorded in 
table 16. Since Richland generally had yielded less than the other 
parents of these crosses in most replicated tests at Ames, the results 
indicated that opportunities for selecting lines superior in yield to the 
parents did not appear very promising. 
Yield results did not agree very well with those obtained in bulk 
population trials of the same crosses. Bulk F:1 generations of crosses 
1415 and 2715 were slightly below Richland in yield in this test, 
while those of crosses 3515 and 3715 were slightly above. In the 
bulk popUlation studies, on the other hand, crosses 1415 and 2715 
generally were well above Richland in yield, while crosses 3515 and 
3715 yielded about the same as Richland. Frequency distributions 
of yields of F:1 lines, furthermore, showed no superiority in yield of 
cross 2715 over that of cross 3515. Cross 3715, which was the lowest 
yielding of the four crosses in bulk tests, actually appeared to have 
a more favorable yield distribution of F;j lines than either of the latter 
two crosses. The.relative yield performance of cross 1415, however, 
was very similar in the bulk and pedigree tests when the same type 
of comparison was made. It also was of interest to note that cross 
3715, which had the greatest standard deviation of all crosses for seed 
yield in th'e F 2 spaced-plant study (see table 12), had the lowest and 
only non-significant mean square for lines in the F:: test. 
Each replication of the four crosses in this test was randomized 
first on a whole cross basis so that mean yields of the crosses could 
be compared. These general" means are found in table 15. The 
chance placement of all replications of cross 3515 on 'the more fertile 
parts of the experimental area, as shown by the higher yield of Rich-
land in this group, resulted in this cross having the highest mean 
T.\BJ,E 16. ~'HEQUENCY DISTRInCTIONS o~' ME.\N YIELDS OF 77 F. LINES 
AND BULK F" GENERATIONS IX EACH OF FOUR SOYBEAN 
CROSSES, AS CO:\IPAHED TO THE YIELD OP RICHI,AND. 
Class centers of minus .1.5 to plus 3.5 times the 
average standard error of a difference 
104 I' 103 I 102 II IotTI tal I t,2 I t,3 
____________ :._-_3_ -2 ,-I 0 +1 +2 +3 +4 
Mukden x Riehl.and (Cross 1415) ............. '-.. -.. -.. 1-8- ----u- ---;;- -14-1-3- --1-
Bulk Fa generatIOn ............................... 1. • • . . . I ........................ . 
~~kc;~~:;:;;Zi~~~i~~'~~~d(~ro~~2715) .. ,I ..... 4 .. 1', .. 7.. 3: .. ~~ .... ~: .. I ... ~ .. :::::: 
P. I. 79885 x Richland (Cross 3515) . . . . 1 5 12 28 20 10 
;~~~ ::o~:~:r:t~:h;~~(; '(~r~~~ .;; ;~)'.:: :::::: :::::: 'I' .. ~ .... ~~.. 3: .. ;~ .. , .......... . 
Bulk}l, generation .............. , .... " ... , ", ..... ,' ....... , 1 ....... , ......... . 
Cross 
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yield of the four crosses. As the replications of the other crosses 
were affected favorably in some instances and unfavorably in others 
by their placement in the field, these general means among the crosses 
could not be validly compared. 
MATURITY 
Maturity differences among F:l lines were much more striking 
than yield differences. Frequency distributions of the mean maturi-
ties, presented in table 17, showed that all four of the crosses con-
tained Fa lines earlier and later than either parent. The extent 
of transgressive segregation for factors conditioning maturity was 
greatest for cross 3515. The range in maturity among Fa lines was 
smallest for cross 1415. Consequently, it had, the smallest mean 
square for lines of the four crosses, as shown by the analyses of vari-
ance of maturities in table 18. The Fa lines in cross 2715, on the 
other hand, had the greatest range in maturity and the largest mean 
square for lines. Crosses 3515 and 3715 were intermediate for matur-
ity range and line mean square. These results conformed with 
maturity measurements made on parental F 2 plants of these lines 
(see table l3), where cross 1415 had the lowest and cross 2715 the 
highest standard deviation for maturity among the 100 F 2 plants in 
each cross. Similarly, crosses 3515 and 3715 each had an intermedi-
ate standard deviation for maturity, among their F 2 plant~. 
The low coefficients of variation and average standard errors of a 
difference (table 18) indicated that maturity differences among the 
F:\ lines in each cross were evaluated with considerable accuracy. 
Opportunities for selecting F!1 lines. from these crosses that were 
significantly different in maturity, therefore, appeared very good. 
TAm;I'] 17. FREQUl~NCY THSTRIBUTIONS OF ~n;,\:-;- MATURITIES IN 
NUMBER OP DAYS APTER AUGUST ~1 OF 77 Fa T,INES, PARENTS AND 
nUI,K ~'3 GENERATIONS IN EACH OF POUR SOYBEAN CROSSES. 
Day. after August 31 (class centers) 
Cross or parent 20 2'3126" 29'32 3538'""41""44(47 M~~~~/.~i~~~~~d.(C~~s.s. ~:~~).'.:::::::::::: :::: 77.1f .~:. Y7.h'~~~ 
~~'itdg g~~~;~ti~~·.::: :: ::: :: : : :: : :::: : : : ::: :::: :::: :::: :::: :::: 1 :::::::::::::::: 
Manchuria 13-177" Richland (Cross 2715)" .. , 6 3 12 6 5 29 10 2 
Richland ...... , .... ' .................. , .... .... .... .... 1.......... .. .... .... ' .. , 
lI1anchuria13-177 ....................................................... 1 ...... .. 
Bulk F, generation .... , ........ , ........ , ................... ' ........... , 1 ... " .. . 
P,1. 79885 x Richland (Cross 3515) .......... , 1 5 7 16 21 9 13 5 ....... . 
Richland ....... " .. " .............. " .. ,... .... .... .... 1 ...................... ,. 
~~fk ~8:~~~;dti~~::: :: : : : : : : : : : :: : : : : :: : ::: :::: :::: :::: :::: .. 1 ... i' :::: :::: :::: :::: 
P. I. 89009·2 x Richland (Cross 3715) ..... , .. , , .. , 1 5 1 3 4 14 44 5 ... . 
Richland ................. , ........ , .... ,... .... .... .... 1 ............... , ...... .. 
~~kW30~~~!;~ti~~:::::::::::::::::::::::::: :::: :::: :::: ::: r: f:: :::: :::f:: 
TABLE 18. ANALYSES OF VARIANCE OF :lIATURITIES OF 77 F3 LINES, PARENTS AND BULK F2 AND F3 GENERATIONS 
1:-r EACH OF FOUR SOYBEAN CROSSES. 
lI.Iean squares 
Source of variation D. I:. Mukden x :Manchuria 13- P. I. 79885 x P. 1. 89009-2 x 
Richland 177 x Richland Richland Richland 
(Cross 1415) (Cross 2715) (Cm" 351.1) (Cross 3715) 
Replications... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 503.72 59.12 40 77 207.69 
Blocks (eliminating lines) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Lines (il;noring blocks) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
3.14 8.48 4.48 7.01 
31.22' 129.45* 69.66* 60.89* 
Error (intra block).... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136 1. 98 1.64 1. 91 2.65 
Error (randomized complete block).... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 2.16 2.67 2.29 3.30 
~~~Ef£te:;·\::i::~::.::::::::::::::::::::::::::::::::::::::::::: :1:::::::::::::::: 
A verage standard error of a difference (days) ........... : ............ "i" .............. . 
32 37 32 39 
103.3% 145.1% 1106% 113.8~/~ 
-1.5% 3. i% 4.5% ... . 4-70 
1.2 1.1 1.2 1..\ 




The results obtained in this study of Fa lines also provided infor-
mation on breeding behavior for maturity of the early segregating 
generations. Average maturity for each of the crosses, given in table 
18, indicated that crosses 2715 and 3715 contained greater numbers 
of later maturing Fa lines than the other two crosses. Frequency 
distributions of maturities of the Fa lines substantiated this. indica-
tion. The same relative differences in maturity among these crosses 
were obtained in the F 1 generation, the bulk popUlation tests and the 
space-planted F2 generation. Breeding behavior for maturity on a 
cross basis, therefore, seemed relatively consistent during the early 
generations following hybridization. 
HEIGHT 
Plant height was the third agronomic character measured in this 
test. Frequency distributions of mean heights in inches of the Fa 
lines, parents and bulk F!l generations in each of the four crosses 
appear in table 19. As shown, the total range in height among Fa 
lines was about the same for each cross. Cross 3515, however, had 
the greatest number of short lines and cross 1415 the greatest 
number of talllines. Crosses 2715 and 3715 were intermediate in this 
respect. The bulk F 3 generation was intermediate in height to the 
two parents in three of the four crosses. In the fourth cross, cross 
3715, it was significantly taller than_ Richland, the taller of the 
two parents. These results agreed quite well with postulations made 
about plant height differences among these crosses based on the .F 1 
generation and bulk population tests. F:I lines in cross 2715, how-
ever, averaged somewhat shorter than expected on the basis of the 
previous data. 
Analyses of varia~ce of heights of the F!l lines, parents and bulk 
generations in each of the four crosses (table 20) showed· that the 
mean differences in height among the F;; lines were highly significant 
in each cross. Although F values for the line mean squares of height 
were smaller than the comparable ones of maturity, they were consid-
erably larger than the comparable ones of yield. Coefficients of varia-
tion and average standard errors of a difference of the heights indi-
cated that height differences among the Fa lines were evaluated quite 
accurately. Effectiveness of selection between Fa lines for height, 
therefore, probably would have been about as good as for maturity. 
LODGING SCORE 
Improved lodging resistance was one of the primary reasons for 
making this group of soybean crosses. In the segregating popUlations 
it was hoped that lines with lodging scores about as low as Richland 
could be found. Frequency distributions of mean lodging scores of 
F 3 lines, parents and bulk F;l generations in each of the four crosses, 
TABLE.19. ~'REQUENCY DISTRIBUTIONS OF ::IfEAN HEIGHTS IN INCHES OF 77 Fa LINES, PARENTS AND BULK Fa GENER-
ATIONS IN EACH OF FOUR SOYBEAN CROSSES. 
I Height in inches 
Cross or parent lujnI28f29f3013If32f.33 "34r"3536 J7rJ8~39(40141i42r43l44 
~1~~~e;d~.~~~~I~~~~~.r~~~.I:.I.S!.-::::::::::::::::::::::::::::::[:::: ~~ :::: ~!T!T!.7~7.Y.I~[!OT~~i7I!.II7.!. 
~~l~dgg~;'-e~~ti~~'- : : : : : :: : : :::::: : : : : : : : : : : : : : : : : : : :: :: :: :: ::::: :::: :::: :::: :::: ::::':::: .::: :::: :::: ::.: .. i' :::: .. 1. : : I' ::: ::.: ::.: :::: ~~~bf::di.a.~3:1~~~.~i~~1~~~.~~~o~s.~:~~~::::::::::::::::::::::' .... I .... 2 1 2 4' 7 If 19 .~0.[.~2.l. 5 1 .... 1 ... 1 .... · ... 
~~~c*~~:n~~~~l;~ .- : : : : : : : : : : : : : : : : : : : : : : : : : : : . . . . . . . . . . . . . . . : : : : , . : : : . : .: ::.: [ .. : . : 
~i:hl!~~8.5~.~c~:~~~-'.~~os.s.~~~~)..... 2 9 611 11 12 9 t .. 1.1.. 1.,:::: 
P. I. 79885 .............. . 
Bulk F. generation. . . . . . . . . . . . . . . . . . . . . . .. I 
P. 1. 89009-2 x Richland (Cross 3715).. . . . . . . . . . . . . . . . 4 ... 1 6 15 
, 
12 10 9 
~~\~18~gri9_2·.: :: .- : : : .- .- : : : : : : : .- : : : : : : : : : : : : : : : : . . . . : : : : I: : :: ... . 
Bulk F, generation. . . ... .. . . . . . . . . .... .. . . . . . . ... 1 .... [ ... . ):1:::: : :: :;:: : : [ .. i' :::T::T:::j::::j:::: 
'fABLE 20. ANALYSES OP VARIANCE OF HEIGHTS IN INCHES O~' 77 Fa I.INES, PARENTS AND BULK F. AND Fa GEN-
ERATIONS IN EACH OF FOUR SOYBEAN CROSSl';S. 
Source of variation D. F. 
f!?l~~~!:i0:~rir~~.~!: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : I ~~ 
Error (intrablock) ...................... . 
Error (randomized complete block) ..... . 
¥~~i~i~n~~~.~ ~~~~~~ ~~ .i~~~~~:::::: :::::::::::::::::::::::::::::::: 
Coefficient of variation . .......................................... . 
Average standard error of a 9.iffcrence (inches) . ...................... . 
















~!anchuria 13- P. I. 79885 x P. I. 89009-2 x 
177 x Richland Richland Richland 
(Cross 2715) (Cross 3515) (Cross 3715 
138.53 59Al 78.7.1 
3.18 4.23 4.15 
UAO* 20.47* 33.27* 
2.24 2.63 J .27 
2.38 2.87 3.40 
.1$.7 308 36.0 
101. 7% 103.2% 100.9% 
4.3t}~ 5.4% 5.1% 




'l'ABI,E 21. FREQUENCY DISTUIBUTIONS O~' MEAN LODGING SCORES o~' 
77 Fa LINl!!S, PARENTS AND BUI,l{ Fa GENERATIONS IN 
EACH OF FOUR SOYBEAN CROSSES. 
Lodging scores (class centers) 
Cross or paren t 
1.1 1.4 1.7 2.0 2.3 2.6 2.9 3.2 3.5 3.8 4.1 
-------------1----------------------
Mukden x Richland (Cross 1415)......... 3 3 11 16 16 15 6 4 3 ...... .. 
Richland.. .. .. .. .. .. .. .. .. .. .. .. .. .... .... .... .... 1 .......................... .. 
Mukden............................... .... .... .... .... .... 1 .................. .. 
Bulk F. generation..................... .... .... .... .... 1 ...................... .. 
Manchuria 13-177 x Richland (Cross 2715) 1 1 6 7 11 15 27 6 1 2 ... . 
Richland.. .. .. .. .. .. .. .. .. .. .. .. .. .... .... 1 .................................. .. 
Manchuria 13-177...................... .... .... .... .... .... .... 1 .............. .. 
Bulk F. generation. . . . . . . . . . . . .. . . . . . .. .... .... .... .... .... .... .... 1 ........... . 
P.1. 79885 x Richland (Cros. 3515).. .. .. 3 3 6 22 9 17 11 4.... 1 1 
Richland.. .. .. .. .. .. .. .. .. .. .. .. .. .... .... 1.................................. .. 
P. I. 79885.. ....... ...... ........ ..... .... .... .... .... ........ 1 .............. .. 
Bulk F. generation..................... .... .... .... .... .... .... 1 .............. .. 
P.1. 89009-2 x Richland (Cros. 3715)..... 3 1 6 8 11 27 18 3 .......... .. 
Richland.. .. .. .. .. .. .. .. .. .. .. .. .. .... .... 1.................................. .. 
P.1. 89009-2........................... .... .... .... .... .... 1 .................. : 
Bulk F, generation..................... .... .... .... .... .... .... 1 .............. .. 
as recorded in table 21, showed that only a few lines in each cross had 
lodging scores as low as or lower than Richland. A number of lines, 
however, exhibited more lodging resistance th:m the other parents. 
Transgressive segregation for factors causing poor lodging resistance 
was somewhat more in evidence than transgressive segregation for fac-
tors causing good lodging resistance. Of the four crosses, crosses 
1415 and 3515 had the most lines with small lodging scores. Cross 
2715, on the other hand, had the most lines with large lodging scores. 
These proportions were corroborated by the average lodging scores 
for all entries in each of the crosses, as shown in table 22. These 
results, in turn, agreed with those obtained in bulk population trials 
of the same crosses, where cross 1415 had the lowest and cross 2715 
the highest average lodging score. . . 
Analyses of variance of lodging scores of the Fa lines, parents and 
bulk generations in each of the crosses are found in table 22. Differ-
ences in mean lodging scores among F 3 lines were highly significant 
in all cases. F values for line mean squares, however, did not 
approach the magnitude of the comparable ones for m:tturity and 
height. The high coefficients of variation of the lodging scores indi-
cated that lodging scores probably were not evaluated as accurately 
. as maturity and height in this test. Improvements in lodging resist-
ance over that of the more lodging susceptible parents, nevertheless, 
seemed a definite possibility on the basis of these results. 
CORRELATIONS 
It was shown by analyses of variance that differences in mean 
yield, maturity and height among Fa lines of each cross studied were 
highly significant with but one exception. Each F 3 line was the 
TABJ.E 22. .\KALYSES OF YARIA~CE OF LODGIXG SCORES OF 77 ~'3 LIKES. PAREKTS AKD BULK F2 A~D F3 GENERATIOXS 
IN EACH OF FOUR SOYBEAN CROSSES. 
1\Iean squares 
Source- of varlation D. F. Mukden x ::Iianchuria 1.1· P. 1. 79885 x P. I. 89000-2 x 
Richland 17Tx Rkhland Richland Richland 
(Cross 1415) (Cross 27 15) (Cro" 3515) (Cross 3715) 
Replications. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 20.17 2.01 1.39 H.82 
mocks (eliminalin" lines). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . U 0.37 0.29 0.32 0.37 
Lines (ignoring blocks) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 0.98* o 93* 1. 07* 0.76* 
Error (intra block).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136 O.H 020 0.18 0.19 
Error (randomiled complete block)... . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 160 0.26 () 21 0.20 0.21 
-------
~~~rk~~;:e:.;.:::::iC~~S~~~~.': : : : :. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : I: : : : : : : : : : : : : : : : 2.3 2.6 2.3 2.5 104.0% 101.9% lOS 3% 105.0% 21. 7% 17.50/0 19.0% 18.0% 
Average standard error of a difterence (lodging score} .................. r ............... . .4 .4 .4 .4 
*Si.;;n:fh'ant at (he 1 percent leveL 
TABLE 23. P.\RE~'l' PLAXT·PROGE~Y CORREf.A'l'IONS OF ·YIELDS. PLANT HEIGHTS A~D ::IIATURI'l'lES OF 77 F2 PLANTS 
AND THE MEANS OF THEIR REPLICATED PROGENIES DI EACH OF FOUlt SOYBEAN CROSSES. 
Mukden x ltlanchuria 13- P.1. 79885 x P. I. 89009·2 x 
Yariates correlated D.F. Richland 177 x Riohland Richland Richland 
(Cross Hi5) (Cross 271$) (Cross 3515) (Cross 371'» 
F, plant yield and F3 mean yield .................................... 1 
y, plant height and F, mean height. ................................ 1 




.37* .07 22 .30* 
.65' . 70~ 72* .82* 
.8~* .88* .86* .79* 





progeny of a single F 2 plant grown the previous year and measured 
for the same agronomic characters. The degree of association between 
the F 2 plants and their descendant Fa lines for these characters was 
measured by means of the correlation coefficient. These plant-progeny 
correlations for each cross appear in table 23. Two of the four corre-
lations for yield were highly significant. They were so small, how-
ever, that most of the variation among F:3 means was not attributable 
to regression. Correlations for maturity and for height, on the other 
hand, all were highly significant and large enough so that a consider-
able proportion of the variation among F 3 means was due to re-
gression. Differences in yield among F 2 plants in these crosses, 
therefore, were of little or no value as a basis for selecting high yield-
ing progenies. Breeding behavior for maturity and height, on the 
contrary, was reasonably consistent during the F 2 and F:I generations. 
F4 LINE TEST 
Visible genetic segregation for agronomic characters generally con-
tinues through the F 4 or F" and sometimes the F 6 generation follow-
ing hybridization in self-pollinated crops. In the F 6 generation pedi-
gree lines usually are pure enough to be bulked for subsequent yield 
testing'. It has been suggested by some breeders, however, that the 
genetic factors conditioning yield and other agronomic characters in 
soybeans are stable enough by the F 3 or F 4 generation to merit the 
evaluation of lines for these characters in replicated trials. If true 
this procedure could be used to eliminate low-yielding lines earlier 
than usual in the breeding program and thereby make more time 
available for selection in the more promising material in subsequent 
generations. 
A substantial amount of genetic segregation for agronomic charac-
ters among F 2 plants in the soybean crosses included in this study 
was indicated by their progeny. tests in the F3 generation in 1945. 
The extent of segregation among Fa plants was studied by growing 
Fa progenies in a replicated test in the Fo1 generation in 1946. Selec-
tion of lines was based on yield distributions of F:: lines in 1945. In 
all, 15 Fa lines were selected from the yield distributions of each of 
the crosses. Each Fa line thus selected was represented in the F 4 
generation by the progenies of five of its Fa plants. The parents and 
bulk F 3, F 4 and F r. generations also were incorporated in the test 
for each cross, thereby making a total of 80 entries per cross. This 
procedure made it possible to analyze agronomic differences among 
Fo1 lines within Fa families and among the progenies of F:l families 
within each cross. In addition, it provided a means for continuing 
the study of breeding behavior at successive generations. 
SEED YIELD 
Yields of the F 4 lines, parents and bulk generations in each cross 
were obtained on single 8-foot rows replicated three times in a 
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randomized split plot design in 1946. Fa families constituted the 
whole plots and F 4 lines within F:l families the subplots in the 
experimental design. Each replication also was randomized on a 
whole cross basis. Mean yields of F 4 lines, parents and bulk genera-
tions in each of the four crosses in comparison with yields of the 
parental F2 plants and Fa lines in 1944 and 1945, respectively, 
appear in tables 24 to 27. These yield data show several noteworthy 
features. First, most yield differences among F 4 lines within each 
F:; family were relatively small. Second, the range in yield of the 
progenies of F:: families, as an average of the five F 4 lines in each, 
was considerably smaller than the range in yield of the parental F:: 
lines in 1945. A third point of interest was the yield performance of 
the three bulk generations in each cross, as compared to the two 
parents. All three bulk generations of cross 1415 yielded more than 
either parent. Their average yield superiority was 2.3 bushels per 
acre above Mukden, the higher yielding parent. In the other three 
crosses, however, only the bulk F3 generation of cross 3715 out-
yielded either parent, while all others were intermediate to the par-
ents. If these bulk generation yields were indicative of the continued 
manifestations of the degree of heterosis, they were distinctly contra-
.dictory to the results obtained in the F 1 generation spaced plant 
study (see table 1). In that study cross 1415 showed the least 
amount of heterosis of the four crosses. 
Analyses of variance of. yields obtained in the 1946 test are given 
in table 28. They offer further confirmation of some of the state-
ments made in the previous paragraph. In only one of the crosses, 
namely, cross 3515, were differences between the F:: family progenies 
statistically significant. Yield differences among the parental F:: 
lines were highly significant for every cross but cross 3715 in 1945. 
In 1946 this cross had the lowest F value of the four crosses for its 
mean square of the F:: family progenies. Average yield differences 
among F 4 lines within Fa families were highly significant for each 
cross. Only a few of the individual mean squares for F -1 lines within 
F 3 families, however, were significant when tested against the pooled 
SUbplot error mean square. ' 
Analyses of the 1946 yield data indicated a tendency for the 
means of F:: family progenies to regress toward the cross means. 
Part of this tendency was no doubt due to the small plot size and 
number of replications in the F:: line test in 1945, which probably 
resulted in some inaccuracies in the yield evaluations of F:: lines. 
Furthermore, five F -1 lines constituted a very small sample of the 
total possible number of lines that could have been selected to repre-
sent the progeny of each Fa family. It also would have been prefer-
able to have had larger plots and more replications in the 1946 test. 
It was practically impossible, however, to correct these shortcomings 
because of the definite limitations on seed from individual plants. 
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TABLE 24. YIELDS OF F. PJ,ANTS IN 1944 A:"D MEAN YIET,DS OF 'l'HBIR 
PROGEXIES IN P3 IN 1l)45 AND OF }'IVE F. GENBRATION SELECTIONS 
PBR Fn LINE IN 1946 FOR CROSS 1415 (l\IUKDBN X RICHLAND), 
TOGETHER WI'l'H YIEI,DS OF PARENTS AND THREE 
BULK GENERATIONS IN 1946. 
F, plant I F,lino F, lines (Bushels per acre) 
Cross and F, plant number (Yield in (Bushels -- - - -'-'-
_________ --g-r-am-sJ---:--p-e-r _ac_r_c)_I--I-I---=---I~ ~I~ Mean 
1415-22 ................ . 
1415-25 ............... .. 
1415-29 ........ , ....... . 
1415-30 ..... , . , ........ . 
1415-32 ... , ............ . 
1415-42 ....... , .... , ... . 
1415-44 .... , .......... .. 
1415-50 ................ . 
1415-56 ................ . 
1415-57 ......... " .... .. 
1415-60 ................ . 
1415-63 ................ . 
1415-72 ................ . 
1415-74 ........ , ...... .. 





































34.4 35.1 '37.0 30.4 35,0 34.4 
36.5 3.1.5 36.4 35.4 34.2 35.6 
33.1 33.0 35.2 33.3 35.9 34.1 
37.4 36,2 36.1 31.5 36.4 .35.5 























33.3 36. 7 35 I 
32.4 29.3 31.9 
35.7 35,9 35.5 
32.6 33.3 33.0 
37.7 37,2 36.7 
30.6 34.9 33.4 
36,6 33.5 35.9 
33.6 33.2 32.9 
39.0 35.9 34.7 
32.6 31.8 30.8 
Bulk F. 
36.0 
Mean yield of all entries in 1946 test 
34.3 
TABLE 25. YIELDS OF F, PI,ANTS IN 1044 AND MEAN YIELDS OF THEIR 
I'ROGENIES IN ~'3 IN 1945 AN"D OF FIV},:; I,'. GENERA'l'ION SEI,EOTIONS 
PER ~'3 I,DfE IN 10'16 FOR OROSS 2715 (MANOlIUHIA 1a·177 X 
RICHLAND), TOGETHEn WITH YIELDS OF PARENTS AND 
'l'HREE BULK GENERATIONS IN 1946. 
F, plant Fa line F. lines (Bushels per acre) 
Cross and F, plant number (Yield in (Bushels 
________ ~_I--b~'r-am_s)--I--p-e-r _ac_r_e)_I~:_I~=1 2 -' 3 -4--5- -;1~-;; 
2715-4...... ............ 39 44.1 38.5 38.2 29.9 37.9 37.9 36.5 
2715-17................. 46 50.8 34.2 35.0 36.9 37,6 38,5 36.5 
2715-23...... ........... 72 46.3 36.9 37,5 37.2 41.7 38.5 38.4 
2715-30................. 66 48.7 :17.Q 41.0 41.3 37.7 38.8 39.2 
2715-31.... ............. 37 39.7 35.9 35.6 35.5 36.9 37.2 36.2 
2715-38................. 52 44.8 
2715-40................. 57 53.3 
2715-51................. 42 41.5 
2715-56................. 45 44 I 
2715-58 ...... ·, .. ,....... 70 47.3 
2715-63.... .. .. ..... .... 55 42.6 
2715-72................. 62 50.1 
2715-76 ........ , .... ,... 46 43.7 
2715-78................. 26 4.1.4 







~.6 ~.7 ~.4 ~.9 
37.0 33.6 37.0 36.3 
32 . 1 34.2 :13.9 37.5 
31.4 34,0 33.8 35.9 
31.0 32.3 36.4 37.2 
40.3 38, 7 39. I 40. I 
.15,035.732.735.7 
40.3 37.8 35.2 38.5 
34.8 34.1 33.5 31.2 
36.5 35,0 36.3 34.9 
Bulk F, 
40.2 















'l'ABLE 2u. YIELDS OF F. PLANTS IX 1944 AND MEAN YIELDS OF THEIR 
PROGENIES IN P" IN 1945 AND OF FIVE ~'. GENERATION SET,ECTIOXS 
PER F3 LINE IN 1046 FOn OROSS 3515 (1'. 1. 79885 X RIOHIJAND), 
TOGETHER WITH YIEIJDS OF PARENTS AND THREE 
BULK GENBRATIONS IN 19·16. 
F, plant F, line F. lines (Bushels por acre) 
Cross and F, plant n:~mberi (Yie]d in (Bushels -~---- ---------
grams) per acre) I 4 I Mean 
.,515-., ................. '1 
-----------
36 50.8 36.2 .18 1 I 33.6 3515-16 ................. 34 49.4 .17 6 37 .. 1 I 39.7 
3515-18 ................. .>-1 45.1 37.3 39.9 I .15. R 3515-29 .............. ' ... 70 51 7 35.5 32.7 I 38.1 
3515-37 ........ 36 53.2 .17.5 .19.3 37.3 
3515-44 ......... 47 46.3 33.5 37.5 34.1 
3515-51. ...... 42 '41 3 36.9 35 8 36.0 
351S-67 .......... : .... 37 49.7 36.4 .14.8 35 I 
3515-68 .......... 61 47.1 32.5 17 .• 1 36 5 
3515-73 .......... 41 47.9 35.8 .13.7 .19.0 
.1515-82 ................ '1 48 45 9 37.5 .1-1.5 
1 
35 2 
3515-88 ................. 42 ·\6.5 34 0 .12.4 27. R 
3515-9.1 ......... : ....... 37 ~8. 4 .,4 
.' 34 .I 
I 
3.1. U 
.1515-95 ................. 31 ·13 4 .11.4 .15 4 39 1 
1515-98 ................ '1 H 50 2 35 . .1 ! 33 8 
.14.8 
1'. 1. 79885 Richland Bulk h Hulk F, 
.17.0 32.5 35.6 34.5 
lIIean yiclJ of aU entries in 1916 test 
35.4 
37 () 36.4 
I 
36 . .1 
36.7 37.5 37 8 
38 7 39.1 38.2 
3., 7 29 5 33.9 
35.6 :35.3 37.0 
32 2 39 0 35.3 
36.1 33.9 .15.7 
36.6 36.4 35.8 
33 1 36.4 31.2 
38 5 34.0 36.2 
.17.0 38.4 .16.5 
.\2 . .I .1.1.9 .12.1 
36 3 .14.0 34.5 
38.2 36.4 36.7 
35.2 32.6 34.3 
Bulk Fr. 
->4 . .1 
TABLE 27. YIlcLDS 0]' Fo PLANTS IN 194·:1 AND MEAN YIELDS OF 'l"Hl:, l{ 
l'HOGENIES IN Fa I~ 1015 AND OF FIVlc ].'. GBNERXfWN S]'~IJECTIOl\S 
PER Fa TANE. IN 1!H6 ~'OR OROSS 3715 (1'. 1. 89009·2 X HICH· 
LAND). TOGETJT1'}R WITH YIFlIJDS (W PARENTS AND 
THREE nULK GENEILl.TIQNS IX 194U. 
I F, plant F,line I F, lines (Bushels per acre) Cross and F, pbnl number 1 (Yield in (Bushels ----------
grams) per acre) 1 I 2 I 3 I 4 5 I Mean 
3715-15 ................. 1--4-'1--'1--3-7-. O--I~ 32.8 33.5 34:6 35.8 M7 
.1715-18...... 29 405 39.0 34.4 39.1 38.2 384 37.8 
3715-20 .. "............. 56 H.9 366 34.3 32.9 36.6 31.8 34.4 
.171.1-2.1........ ......... 29 42.5 31 8 31.2 31.4 35.0 31.9 32.3 
3715-25 ........ "...... 43 42.8 ,.,5.7 37.2 30.1 35.2 36.2 34.9 
.1715-26....... 42 40.9 11.14.5 .12.0 32.4 29.4 309 31.8 
3715-39....... 48 .17.6 31.8 34.4 31.8 38.1 28.1 .12.9 
3715-48............ 30 .19 . .1 .126 1 31.0 31 8 .1.1 8 34.6 .12.8 
3715-53........... 70 .19.6 3.1.7 I .13.2 .16.0 . .159 .13.4 ,14.4 
.1715-68... 32 .15.7 .12.0 37.1 37.8 133.5 33.8 .14.8 
3715-73...... .15 44 4 31 7 .15.9 36.·1 139.3 35 9 . 35 8 
.H15-76..... 87 H 8 326 39.4 i .122 1342 .148'1.14.7 
.1715-80.... .... ....... 59 .18.3 1.,3 .. 6 32.2 I 37.2 .. H·~ 34 .. 1 .14. __ 
3i15-83...... .19 40.1 .16 .• 1 34.71.17.1! 36.5 36.S, 36 . .1 
3715-96... 82 41.8 33.1 ; .14.0 I 34.4 .1.1.7 31 5 I 33.9 








~[ean yield of all entries in 1 'H6 tC!1.t 





\ T.\BLr; :!B. ANALYSES OF VARIANCE OF YIELDS OBTAINED IN 1946 TESTS O~' F. LIXES, PARENTS AND BULK POPULA· 
TIONS IN EACH OF FOUR SOYBEAN CROSSES. 
Source of variation D.F. 
I ~[anchuria 13·177 x I I Mukden x Richland Richland P. I. 79885 x Richland P. I. 89009-2 x Richland 
1J;,"~::~ I Mean I 'i-r;'~::td I Mean I c;,O~i:.:'td 1 Mean '11J;'"~::td I 
number square number square number I square number 
\\'~~t~at1'!;'~.'................... 2 I ............ 750.90 II ......... ..1. 50.58 1 ............ 1663.63 1 ........ · .. ·,-1-94-.2-6--
F.tamily progenies............... 15 ............ 36.38 ............ 1 56.99 ............ 53.78** ............ 35.80 s:;:::: .......... · .. ···........ 30 ............ 20.M I .. · .... ·· .. · 31.40 ............ 14.98 ............ 26.59 
FdineswithinF,famiIies......... 64 ............ 10.37** ........ 14.96** I............ 22.02** I............ 13.56** 
4 1415-22 17.58* 2715-4 40.92** 3515-3 8.27 3715-15 7.10 
4 " -25 2.52 " -17 9.59 " -16 3.87 " -18 11.40 
Mean 
sauare 
4 " -29 5.41 " -23 11.40 " -18 7.68 " -20 13.90* 
4 " -30 16.06* .. -30 10.81 .. -29 30.84** " -23 7.16 
4 " -32 13.30* " -31 1.80 " -37 7 99 .. -25 22.88** 
4 " -42 11.23 " -38 40.16** •• -44 24.95** " -26 10.39 
4 " -44 7.86 " -40 9.88 " -51 3.54 " -39 40.76** 
4 " -50 1.31 " -51 15.11 " -67 2.12 " -48 6.40 
4 .. -56 0.25 " -56 15.01 " -68 190.00** .. -53 5.84 
4 " -57 1. 74 " -58 33.36"* " -73 18.41* " -68 18.93* 
4 " -60 8.94 " -63 2.55 " -82 7.73 " -73 22.10** 
4 " -63 19.25** " -72 9.03 " -88 18.90. " -76 24.14*. 
4 " -72 5.27 " -76 16.06* " -93 4.45 " -80 9.99 
4 "-14 38.32** " -78 5.78 " -95 11 41 " -83 2.50 
4 " -77 7.20 " -80 3.11 .. -98 3.94 " -96 1.05 
Parents and bulks ................. . 4 11.72 ..... ....... 14.86 ............ 8.31 ............ 11.78 
Error (b) ......................... . 128 5.07 ............ 6.43 ............ 6.70 ............ 5.65 





Consequently, it would have been difficult to improve on the relia-
bility of the conclusions drawn on the basis of these data. 
MATURITY 
Mean maturities of F 4 lines, parents and bulk generations in each 
cross in 1946, as compared with the maturities of parental F 2 plants 
and F 3 lines in 1944 and 1945, respectively, are found in tables 29 
to 32. Tn contrast to the yield data, the range in mean maturity of 
F:l family progenies was greater for each cross in 1946 than the range 
in maturity of the parental F:1 lines in 1945. This result was due 
in part to weather conditions, as the early growing season in 1945 
was too cool for rapid growth and caused maturities to be somewhat 
closer together than usual. The 1946 season was more favorable for 
normal growth and maturation. Maturities of bulk generations in 
each cross in 1946 reflected average differences among the crosses 
similar to those previously observed'. 
As shown by the analyses of variance in table 33, differences in 
maturity among Fa family progenies were highly significant in each 
cross. The great majority of the differences among F 4 lines within 
each of the F:'I families also were highly significant. This would 
indicate that there was still considerable segregation for factors 
conditioning maturity among the Fa lines which were progeny-tested 
in the F 4 generation. 
TABI,E 20. nUTURITIES ()Ie F. PI,AN'l'S IN 1944 AND MEAN MATURITIES 
OF THEIR PROGENIES IN F" IN 1945 AND 01" PIVE F, GENl':RATION 
Sl':LE(J'l'IONS Pl':R p" I,INE IN 11146 .'on CROSS 1415 (.'.fUKDEN X 
RICHLAND). TOGETHER WITH MA'l'URITIBS OF PARENTS 
AND 'fHngE BULK (H~NERA'l'IONS IN 1940. (~L\TURITY 
IN NeMBER OF DAYS Ar'TER .~UGlJST 31) 
.. '. 
F" lines 
ero", and F, plant number 
I -1-1 2 I 3 I 4 I 5 
--
F, plant 
1415-22 ............. .... 29 
1415-25 ................. 25 
1415-29 .. """, ... 25 
1415-.10 ................. 26 
1415-32 .... ' ... .......... 29 
1415-42 ................. 28 
1415-44 ................. 36 
1415-50 ................. 24 
1415-56 ................. 27 
1415-57 ...... ........... 17 
1415-60 ................. 2·1 
1415-63 ................. 19 
1415-72 .. ... ,', ... , .... 22 
1415-74 ................. 27 













































































































TAB!,1i: ao. MATUHl'fms OF Fo PLAN'l'S IN 1944 AN]) :V[EAX J\,L\TUIU'l'! 8:" 
O~' THEIR PFOG-l~NlES T~ ~'" IN 1945 AND OF ~'IVg F-1 (1l<~NER\TION 
SRI,ECTIONS PEn F" I,IN}j TN 1946 FOI~ CROSS 2710 DL\NCHUHIA 
13-177 X RICHI,ANIJ), TOGETHER WITH MATlml'l'IES (IF 
PA RI·;NTS AND THnl'~E nULK GE~]<jR.\ l'I(}KS IN 1 iI·lf>. 
(MATURITY IN NUMBl-m O~' DAYS M'TER AtJGCST 31) 
."--~ 
.... I 
I F4 lines 
Cross and F2 p1ant numberl -~----------F, plant F!i linE' 3 4 I Mean 
-------------
2715-4 •................. 16 .12 25 27 8 
2715-17 ................. 17 27 18 12 15 
2715-23 ................ 32 42 21 27 39 
2715-30 ................. 20 34 25 24 30 
2715-31. ................. 16 31 20 18 17 
2715-38 ................. I 32 42 3.1 39 29 
2715-40 ................ 'j 21 30 19 1.1 24 
271.1-51. ................ .15 41 42 27 27 
271.1-.\6 ................. 27 32 15 21 16 
2715-58 ................. i 42 42 44 38 26 
271~-6.1 ................. 1 38 42 30 37 38 
2710-72 ................. 36 39 21 31 ,]7 
2715-76 ................. , 30 40 24 ,]7 13 
2715-78 ................ '1 1.1 .13 25 29 20 
2715-80 ................. 23 41 31 37 .H 
Manchuria 13·177 Richland Bulk F, Hulk F, 
36 18 37 39 
Mean maturity of all entries in 1946 test 
27 
23 32 2.1 
19 25 18 
35 27 30 
29 28 27 
19 19 19 
25 39 3.1 
23 21 20 
32 31 .>2 
24 18 19 
33 50 .18 
29 32 3.1 
36 ,19 3,1 
2.1 40 27 
12 21 21 
37 33 ,H 
Hulk F, 
38 
TABLE 31. MATURITIES OF Fo PLANTS IN 1944 AND MEAN MATUHI'['l!~S 
OF '['HBllt PROGENIES IN F3 IN 1945 AND OF FIV~J F. GENERATION 
SELI~CTIONS Plm Fa LINE IN 1946 ~'OR CROSS 3515 (P. 1. 79885 
X RICJTT,A~D), TOGE'['HER WITH MATURITIES OF PARENTS 
AND THREE BULK GENERATIONS IN 1946. (MNl'URITY 





Cross anel F2 plant numbe r\ F, plant F, line ----'--------1--an I.J_2 J~ __ 4 J_~_ ~1e, 
3515-3 ................. . 16 
351.1-16 ...... . 18 
.1515-18 ....... . 26 
351.1-29 ..... . 22 
3515-37 .... .. 16 
3515-44 ............... . 17 
351.\-.11 ............... . 17 
3.11.1-67 ............... . 17 
3515-68 ....... , ...... . 26 
351.,-73 ............... . 27 
3515-82 .. . 16 
3.\ 15-88 .... . 23 




.1515-95 .............. .. 
3515-98 ... . 




































































30 26 i 
I 
20 18 I 
























TABLE 32. MATURI'!'IES OF F. PLANTS IN 1944 AND MEAN MATURITIES 
OF THEIR PROGENIES IN F. IN 1945 AND OF ~'IVE F. GENERATION 
SELECTIONH PER F. LINE IN 1946 FOR CROSS 3715 (P. I. 
89009·2 X RICHLAND), '!'OGl',THER WITH ::IfATUIUTmS 
OF PARENTS AND THREE BULK GENERATIONS IN 1946. 
(::IiATURITY IN NUMBER DAYS AFTER AUGUST 31) 
Cross and F. plant number 
F, plant 
3715-15 ................. 29 
3715-18 ................. 29 
3715-20 ................. 28 
3.15-23 ................. 26 
.1715-25 ................. 30 
3715-26 .................. 27 
3715-39 ................. 40 
3715-48 ................. 17 
3715-:53 ................. 27 
37\5-68 ................. 30 
3715-73 ................. 32 
3715-76 ................. 27 
3715-80 ................. .10 
3715-83 ................. 30 
3715-96 ................. 37 








































-- 3j_~_ 2 
30 27 32 
28 34 34 
29 25 30 
18 20 19 
34 13 29 
30 32 27 
27 28 36 
19 25 27 
37 37 32 
37 31 33 
31 33 37 
36 14 11 
28 33 25 
15 30 34 
28 31 30 
Bulk F. 
35 






















Mean plant heights for the 1946 test of F 4 lines, parents and bulk 
generations in each cross appear in tables 34 to 37. Heights of 
parental F 2 plants and F:~ lines in 1944 and 1945, respectively, also 
are included. These results showed that differences in height among 
F 4 lines in each F 3 family of the four crosses were very similar to 
differences .in maturity among the same lines. In a few Fa families 
their progenies in the F -1 generation were reasonably uniform for 
plant height. Most of them, however, were quite variable, as indi-
cated by their breeding behavior for height. In addition, the average 
heights of the Fa family progenies in 1946 exhibited height ranges 
of about the same extent as the parental Fa lines in 1945. 
Mean heights of the bulk populations in eacli cross in this test 
were consistent with previous observations. Bulk generations of cross 
3715 again were definitely above Richland, the taller parent, in 
height. Bulk populations of the other crosses were intermediate 
to the parents in height except in cross 2715, where they equalled 
the tall~r parent. Mean heights of all entries in each of the four 
crosses indicated that crosses 1415 and 2715 contained the greatest 
number of tall F4 lines. Cross 3515, on the other hand, contained the 
most short F 4 lines. These means were comparable because F 3 
families included in the test were unselected for plant height. 
Table 38 gives .the analyses of variance ~f plant heights in 1946. 
'I'ABLE 33. AXALYSES OF VARIANCE OF ::\UTURITIES OBTAINED IN 1946 TEST OF p, LINES, PARENTS AND BULK 
POPULATIONS IN EACH OF FOUR SOYBEAN CROSSES. 
Source of variation 
WHOLE PLOT: 
Replications .................... . 
F, family progenies .............. . 
Error (a) ....................... . 
SUBPLOT: 
F, lines within F, families ........ . 
Paren t. and bulks ................. . 
Error (b) ......................... . 























Manchuria 13-171 x 
Mukden x Richland Richland P. I. 79885 x Richland P. I. 89009-2 x Richland 
Cros. and Cross and Cross and Cros. and I 
F. plant Mean F. plant Moan F, plant Mean F, plant 



















































































































































*~Significant at the 1 percent level. 
" ....... 0\ 
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'rABT,~: :1·\ HEIGH'l'S OJ:' F2 PLANTS 1.'1 1944 AND :MEA~ HEIGHTS OF 
TTmTlt 1'1{()(1E~IER IN Fa IK 1!l45 AND 01:' FI\'l, ~'. GBN~~R.\'r[()N 
SI';J,~~CTIONS Pl';R Fa LINg TN 1946 FOR CRORS 1415 (MUKDEN 
X mOHLAND), 'l'OGETHlm WITH HETGH'!'S OF l'ARENTS 
,\ND THREE DULl' GBNERATIONS I~ 1040. 
I F, plant I F,line I F. lines (Heights in inches) Cross ann F, plant number (Height (Height --1--1--1--1--1--in inches) in inches) 1 2 3 4 5 Mean 
----------
1415-22 ................. 34 38 35 40 39 36 40 38 
HI5-25 ................. 36 40 40 40 41 38 40 40 
1415-29 .. ........ ...... 32 37 35 38 38 36 39 37 
1415-30 ................. 40 41 44 40 37 36 35 38 
1415-32 ................. 31 39 38 36 40 41 36 38 
1415-42 .............. ... 34 33 37 30 33 34 37 34 
1415-44 ............ ." .. 39 38 41 36 37 38 40 38 
1415-50 .... ....... , .. .. . 35 40 40 39 35 36 36 37 
1415-56 •... ........ .. . 35 39 41 .18 40 42 37 40 
1415-57 .... ........ .. ... 32 35 36 33 35 35 38 35 
1415-60 .......... ....... 36 41 41 41 41 39 36 40 
1415-63 ................. 28 36 37 35 .17 37 .H 36 
1415-72 ................. 35 37 34 32 39 37 38 36 
141.\-74 ................. 38 38 36 27 37 33 41 35 











Mean height of all entries in 1946 test 
37 
TADLJ<: 35. HEIGH'l'S OF F2 l'LAN'l'S IN 1944 AND MEAN HEIGHTS OF 'I'HEIR 
PROGENIES 1:'1 Fa IN 1945 AND OJ<' FIVE F. GENERATION SE],gOTIONS 
PER Fa LINE IN 1946 ~'OH CROSR 2715 (1L\~CHURIA 13·177 X 
InCHLAND). 'l'OGE'l'lTER WITH HEIGHTS OF PARBNTS 
A~D THIUm BULK GENERATIONS IN IO·la. 
F, plant I F. Jine I F. line. (Height. in inches) 
Cross and F, plant number (Height (Height --1-'--1-'-
_________ I_i_fi_i_ne_h_c_o)_:_in_in_c_he_s_)_: __ I_ ~I~I~ ~ IIlean 
2715-4 ................ . 
2715-17 ............... .. 
2715-23 ................ . 
2715-30 ....... .. 
2715-31 ................ . 
2715-38 ............... . 
2715-40 ................ . 
2715-51 ............. .. 
2715-56 .... " ...... " .. 
271.1-58........... ... 
2715-63.. . ........... " 
2715-72.. I 2715-76.. .... .. . 
2715-78 .............. .. 





































35 I 36 28 34 35 34 
.1.1 31 31 33 .17 3.1 
37 .17 41 39 40 39 
35 37 35 37 36 36 































37 I 37 
33 35 

























Mean height of all entries in 1946 test 
37 
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TABY,E 36. HEIGHTS OF Fo PLANTS IN 1944 AND lI1EAN HEIGHTS OF THEIR 
PROGENIES IN Fa IN 1945 AND 0];' FIVE F. GENERATION SELEO'l'IONS 
PER Fa LINE IN 1946 POR OROSS 3515 (P. I. 79885 X RICH· 
LAND), TOGE'l'HER WITH HEIGHTS OF PARENTS AND 
THREE BUI,K GENERATIONS IN 1946. 
I F. plant I F,line I F, lines (Heights in inches) Cross and F, plant number (Height (Height ------------
1 in inches) in inches) 1 1_2_1_3_1_4 __ S_I~ 
3515-3 ................. . 
3515-16 ............ " .. . 
3515-18 ................ . 
3515-29 ............... " 
3515-37 ................ . 
3515-44 ................ . 
3515-51. ............... . 
3515-67 .............. '" 
3515-68 ................ . 
3515-73 .•............. " 
3515-82 ... : ............ . 
3515-88 ..........•...... 
3515-93 ................ . 






































































































































TABLE 37. HEIGHTS OF F. PLANTS IN 1944 AND MEAN ngHHITS OF THEIR 
PROG1<~NIE!,; IN Fa IN 1945 AND OF FIVE }', GENEItATION SBLEOTIONS 
PER F" LINE IN 1946 ll'OIt OROSS 3715 (1'. I. 89009-2 X ItIOH· 
LAND), TOGETHlm WITH HEIGHTS OF PARENTS AND 
THREE BULK GENEUATIONS IN 1946. 
F, plant F,line F,lino,. (Height in inches) 
Cross and F, plant number (Hei1ht (Height -1-1-2- --in inc es) in inches) 3 
3715-15 ................. 29 40 40 43 34 
3715-18 ••.....•......... 32 37 37 39 35 
3715-20 ................. 38 36 32 37 34 
3715-23 ................. 31 35 33 33 33 
3715-25 ................. 29 36 35 37 29 
3715-26 •............. " . .18 39 41 41 42 
3715-39 ................. 37 39 38 38 37 
3715-48 ••............... 32 32 32 32 33 
3715-53 ..•........... '" 34 39 40 37 39 
3715-68 ................. 32 38 27 37 36 
3715-73 ................. 33 39 29 38 32 
3715-76 ................. 37 39 30 34 29 
3715-80 ................. 34 36 35 38 .17 
3715-83 ........•........ 32 37 34 27 36 
3715-96 .. . . . . . . . . . . . . . . 32 41 37 38 38 
1'. 1. 89009·2 Richland Bulk F. BulkF. 
30 33 36 37 
Mean height of all entries in 1946 test 
35 
------4 5 Mean 
36 40 39 
29 39 36 
36 39 36 
35 34 34 
34 38 34 
39 36 40 
34 40 37 
34 34 33 
36 32 37 
22 37 32 
38 36 35 
31 30 31 
34 31 .15 
.11 37 3.1 




F 3 family progenies differed significantly in height in every instance. 
Average differences among F 4 lines within F 3 families in each of the 
crosses also were highly significant. Only a few of the F 3 families 
contained F 4 lines not significantly different among themselves in 
plant height. . These results, like the comparable ones for maturity, 
indicated that the majority of the F:I lines were heterozygous for 
genes conditioning plant height. 
LODGING SCORE 
Differences in lodging resistance among F 4 lines in 1946 were 
quite large in many of the F 3 families included in this test, as shown 
by the lodging scores in tables 39 to 42. Lodging scores of only the 
parental F 3 lines in 1945 were included. for comparison, as no lodging 
scores were taken on F 2 plants in 1944. These data conformed to 
expectations based on previous results. Crosses 1415 and 3515 again 
contained the most lines with good lodging resistance. Cross 2715, 
on the other hand, contained the most lines with poor lodging resist-
ance. Mean lodging scores of bulk generations also indicated similar 
differences in lodging resistance among the crosses. Each of the 
crosses, nevertheless, contained F 4 lines worthy of selection for lodg-
ing resistance. . 
Analyses of variance of the lodging scores of F 4 lines, parents and 
bulk generations in 1946 showed tha~ the F 3 family progenies in each 
of the crosses differed significantly for this character. These analyses 
(table 43) also indicated that most of the F 3 families in each cross 
consisted of F 4 lines significantly different among themselves for 
lodging resistance. Many parental F 3 lines, therefore, were heterozy-
gous for factors affecting the amount of lodging. 
CORRELATIONS 
Each group of five sister F4 lines in the 1946 test descended from 
a single F 2 plant in 1944 and its progeny in the F:I generation in 1945. 
In the previous section all correlations for maturity and height be-
tween F 2 plants and their progenies in the Fa generation were highly 
significant. Similar correlations for yield were considered too small 
to be of value for selecting superior F 2 plants. Correlations between 
the F2 and F4 generations and between the Fa and F4 generations 
for these characters (table 44) showed the same general tendencies. 
Only two of the correlations for yield were significant. One of these, 
that between F2 plants and the means of their F4 lines in cross 3515, 
was significantly negative and thus quite contrary to expectation. 
The other significant correlation for yield was between F 3 plants 
and their F4 lines in cross 1415. Individual Fa plant data for this 
cross made it possible to calculate this correlation. 
The most important group of yield correlations was that between 
the F 3 lines and their progeny F 4 lines. Three of these were very 
TABLE 3S. ANALYSES OF VARIANCE OF PLANT HEIGHTS OBTAINED IN 1946 TEST OF F. LINES, PARENTS AND BULK 
POPULATIONS IN EACH OF FOUR SOYBEAN CROSSES. 
I 
Manchuria 13-177 " 
Mukden x Richland Richland P. 1. 79885 x Richland I P. I. 89009·2 x Richland 








,-F, plant 1I.Iean ]0', plant Mean F, plant ::Ilcan F, plant 1I.Iean 
number square number square number ,;;quare I number square 
W~g,)·i~~S~~T.:. '.' ................ 1 2 
1 ............ / 
146.74 
/· .... ··· .... 1 
90.52 
······ .... ··1 8.41 1· .. ·········/ 
32.66 
Fa famIly progenies ... ~ ........... 15 ............ 79.49*' . . . . . . . . . . . . 72.8·1** . . . . . . . . . . . . 118.52** . ........... 92 .06*' 
Error (a) ........................ 30 ............ 2.35 ............ 6.68 ............ 1. 81 . ........... 3.46 
SUBPLOT: 
F. lines within F3 families ......... 1 64 . . . . . . . . . . . . 19.51** 16.60** ............ 18.3.1*' . . . . . . . . . . . . 32.06** '1 
4 1415-22 18.23*' 2715-4 28.90** 3515-3 4.90** 3715-15 34.90** N 
4 " -25 2.93 H -17 18.00** " -16 13.57** " -18 47.60** q 
4 " -29 9.50** " -23 11. 07*- " -18 2.07 " -20 23.10'-4 " -30 42.07*' " -30 2.17 " -29 18.27** " -23 2.40 
-1 " -32 18.00** " -31 1.17 " -37 4.90** " -25 39.60** 4 H -42 21.10** " -38 38.43** " -44 6.50** " -26 18.50'-4 " -44- 12.50** " -40 26.57** " -51 3.40 " -39 14.4.1** 4 " -SO 15.10-· " -51 19.43** " -67 1.33 " -48 2.27 4 " -56 14.77** " -56 8.77*- " -68 96.33** " -53 30.43** " 4 " -57 8.57** " -58 18.77** " -73 5.73** " -68 145.43** 4 " -60 13.40*' " -63 3.33* " -82 13 .43** " -73 41.57** 4 " -63 6.57** " -72 19.07** " -88 57.77** " -76 10.00** 4 " -72 26.57** " -76 19.50** " -93 10.67** " -80 25.27*-4 " -14 76.57** " -78 22.23** " -95 43.83*' " -83 47.67*' 4 H -77 4.00*· " -80 7.33** " -98 7.77*' " -96 0.67 Parents and bulks .................. / 4 ............ 22.33** ~ : : : : : : : : : : : : 20.83*~ ............ 10.77** I::::::::::::! 26.0i*' Error (b) .......................... 128 ............ 1.54 1.10 . ........... 1.40 I. 50 
*Signifieant at the 5 percent level. **Significant at the 1 percent level. 
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TABLE' 39. MEAN LODGIN0' SCORES OF F. I,INES. PAHENTS ~ND BULK 
GENERATIONS IN 1946 FOR CROSS 1415 (MUKDEN X RICHLAND) 
IN COMPARISON WITH MEAN LODGING SCORES OF 
PARENTAL F3 LINES IN 1945. 



















F. lines (Lodging scores) F, line 
(Lodging 






















































































































TABI_E 40. ~1EAN I,ODGING SCOR1~S OF ~'. LINES, PARENTS A~D BULK 
GENERA'l'IONS IN 1946 ~'OR CROSS 2715 (JI[ANCHURIA 13-177 X 
RICHLAND) IN CO~rpARISON WITH Jl[EAN LODGING 
SCORES OF PARENTAL F3 LINES IN 1945. 
Cros. and F, 
plant number 
2715-4 ............. . 
2715-17 ........... .. 
2715-23 ........... .. 
2715-30 ............ . 
2715-31. ........... . 
2715-38 ............ . 
2715-40 ............ . 
2715-51. .......... .. 
2715-56 ........... .. 
2715-58 ............ . 
2715-63 ............ . 
2715-72 ............ . 
2715-76 ........... .. 
2715-78 ............ . 























IF. lines (Lodging scores) 
I-I-I-2-1-3-1-4-1-5-i~ 
3.0 I 3 0 --1-3- ---u;-3:31--2 .-5-
1..1 1 0 1.0 1.3 2.3 1.4 
1 0 3.0 3.0 3.0 3.0 2.6 
2.3 1.7 3.0 3.0 2.3 2.5 



































































Mean lodging score of all entries in 19~6 te,t 
2.6 
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TABLE 41. lIEAN LODGING SCOlm8 OF F, LIKES, l'ARl~NT:'; AND BUI,K 
GENERATIONS IN 1946 ~'OR CROSS P>S15 (I', 1. 79885 X RICH· 
I,AND) IN COMP AIUSON WI'I'II ME:A)1 LODGING 
SCORES OF PARENTAl, F" LINES IN 1945. 




3515-18 ..... , ....... 
3515-29 ............. 






3515-82 .... . . . . . . . . . 
3515-88 .... . ... 
3515-93 .. , .. , ... .. .. 
3515-95 ...... 


























F, lines (Lodging scores) 

































































































~Iean lodging score of all entries in 1946 test 
2.0 
TABI,E 42. J\mAN LODGING SCOHJoJ8 01·' j<', LINJoJS, PAUENTS AND BULK 
GENERATIONS IX 1\)4U ~'OR CROSS :)715 (1'. I. 89009·2 X 
RICHLAND) IN COlllPARISON WITH MEAN LODGING 
. SCORES OP PARENTAL Fa LINES Dl 1945. 

















P. I. 89009-2 
2,0 
F, line F. lines (Lodging scores) (Lodging 




















































































































TABLJ, 43. ANALYSES OF VARIANCE OF LODGING 'SCORES OBTAINED IN 1946 TEST OF F< LINES, PAREN'l'S AND Bl';'"LK 
POPULATIONS IN EACH OF FOUR SOYBEAX CROSSES. 
Manchuria 13-177 x I Mnkden x Richland Richland P. I. 79885 x Rich!and P. 1. 89009-2 " Richland Source of variation D.F. 
I 
Cross and Cros. and Cross and Cros~ and 
I F, plant Mean F, plant i\Iean F, plant ::\olean F, plant lIean number square number square number square number square 
W~g,~~~5~~~.: .. ; ................ / 2 / ............ 7.33 ............ 0.99 I············ 8.79 . . . . . . . . . . . . I 4.h Fa famLly progemes ............... 15 ............ 2.89** . ........... 4.07** ............ 3.66*' ,::::::::::::1 5.91** Error (a) ........................ 30 ............ 0.51 ............ 0.60 . ........... 0.62 0.38 
SUBPLOT: 
F, Jines within Fa families ......... 1 M ............ 0.72** ............ 1. 06*' . ........... 1.01** 
'''j7is':'is'' 1.42** '1 4 1415-22 0.57* 2715-4 2.10** 3515-3 O. to 0.33 tv 
4 " -25 0.77* " -17 0.90** " -16 1. 17** " -18 1. 57*' v.. 4 " -29 0.23 " -23 2.40** " -18 0.33 " -20 1.07*' 
4 " -30 0.43 " -30 0.93*' " -29 1.43** " -23 0.60** 4 " -32 1. 23** " -31 0.10 " -37 1.57** " -25 3.00** 4 u -42 O.B " -38 0.01 " --44 0.60*' " -26 2.23** 
4 u -44 1.57** " -40 0.73** I~ -51 0.01 " -39 0.10 4 " -50 0.10 " -51 0,43 " -67 0.57* " -48 0.73** 4 H -56 0.51* " -56 0.73** " -68 2.01** " -53 1. 10** 4 " -57 ! 040** " -58 1.01** " -73 1.23*' " -68 I. 93*' 
4 " -60 '0.73* " -63 0.00 " -82 0.93*' " -73 1. 57** 4 " -63 1.43** " -72 1.07** " -88 1.33** " -76 1. 67*' 4 " -72 0.07 u -76 2.17** " -93 0.93** I H -80 1. 73'* 4 " -74 1.23** " -78 0.90** " -95 1. 73** 
I:::: ::~ :~~~:: 1.43** 4 H -77 0.07 " -80 0.10 " -9& 1.10** 0.90" Parents and bulks ............... _ . _I 4 0.93** ............ 3.23** ............ 0.93** 2.7i*~ Error (b) .......... " _ ............. 128 ............ 0.23 ............ 0.18 ............ 0.17 0.15 
* Significant at the 5 percent level. •• Significant "t the 1 perceut 1e\:e1. 
TABLE 44. CORRELATION COEFFICIENTS HE'r'VEEN GENERA'l'IONS GROWN IN SUCCESSIVE YEARS FOR YIELDS, MATUR· 
ITIES, HEIGHTS AND LODGING SCORES OF SEGREGATES IN EACH OF ~'OUR SOYBEAN CROSSES. 
Character and yariates correlated 
SEED YIELD: 
F2 plant and mean of F"lines . ................................... : 
F, plant and F, line .................. '" ........................ ' 
F 3 line and mean of F" lines . .................................... . 
MATURITY: 
F, plant and mean of F. lines ....... , ........................... . 
F, plant and F,line ............................................ . 
F, line and mean of F. lines ..................................... . 
HEIGHT: 
F2 plant and mean of F.lines ................................... . 
F, plant and F. line ............................................ . 
Fa: line and mean of F4 lines . .................................... . 
LODGI:',G SCORE: 
F 3: line and mean of F 4 lines .................................. ... . 


























177 x Richland 
(Cross 2715) 
P. I. 79885 x 
Richland 
(Cross 3515) 
.35 -.65*. -.01 
.04 -.03 .08 
.81** .79** .32 
.92** .... .... :9i*" .. · ...... ·j7 .. · .. 
.61* .72** . J.l 
"':i;i~"" ........ :84**" ./ ........ :49····· 
.39 .46 .44 




close to zero, indicating almost a complete lack of association for 
yield between these generations. If this lack of relationship were 
true for soybean crosses in general, selection for yield on the basis of 
pedigree yield tests in the Fa generation would certainly be of doubt-
ful value in the breeding program. 
A number of the correlations for maturity and height in table 44 
were statistically significant. All of them were positive. Maturity 
and height measurements on F:! plants and their replicated progeny 
rows in the F:l generation, therefore, were of value in predicting 
results in the succeeding generation of these crosses. Only one of the 
crosses showed a significant correlation for lodging score between the 
Fs and F 4 generations. Consequently, selection for lodging resistance 
on the basis of Fa data would have been less effective than selection 
for differences in maturity and height. 
CHARACTER RELATIONSHIPS 
The main objective of most soybean breeding programs is the 
development of adapted, high yielding, lodging resistant varieties, 
tall enough to harvest with a combine. The extent of relationships 
between maturity, height, lodging resistance and yield in segregating 
popUlations of soybean crosses may definitely influence the realization 
of this objective. 
In the pedigree phase of this study correlations were used to 
measure the degree of association between agronomic characters in 
the F 2, F 3 and F 4 generations of each cross. As shown in table 45, 
all correlations between maturity and height were positive and highly 
significant in every generation of each cross, irrespective of differences 
in yield. All simple correlations between maturity and yield and 
height and yield of the F 2 plants also were positive and highly signif-
icant. Partial correlations for the same characters were, in most 
instances, considerably lower, as were the simple correlations for the 
Fa and F -1 generations. In the majority of cases the partial correla-
tions between maturity and yield and height and yield in the Fa and 
F -1 generations were smaller than the corresponding simple correla-
tions. Correlations between lodging and yield all were positive but 
only one was highly significant and another significant. The results 
indicated that the most consistent association occurred between 
maturity and height. 
.The nature of these relationships has a bearing on the attainment 
of soybean breeding objectives. The strong positive association be-
tween maturity and height emphasized the difficulty of securing 
desired tall early segregates in these populations. As the taller 
plants and lines tended to yield more, selection for tallness favored 
selection for yield. Early maturity, on the other hand, was not 
associated with high yield. There also was a tendency for the most 
lodging resistant lines to yield less. Character relationships, there-
. . 
T.\BLE 4.";. RDIPLE A~D PARTIAL CORRELATION COEFFICIENTS BETWEEN AGRONOMIC CHARACTERS Ol' 100 F. PLANTS, 
77 Fa LINES AND 75 F. LINES IN EACH OF FOUR SOYllEA:-1 CROSSES. 
Characters correlated 
:II ukdcn x Richland I Manchuria 13-177 x Rich- P. I. 79885 x Richland P. I. 89009-2 x Richland 
(Cross 1415) land (Cross 2715) (Cross 3515) (Cross 3715) 
--F-'-I--F-'-I--F-'-I--F-'-I--F-'-I--F-'---F-'-,--F-'-I--F-'- --F-'-I--F-'-I--F-'-
_________________ : 1944 ~~~~~~~~~~~ 
Maturity (m) and height (h) 
~:! .. ; : : : : : ~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : I .74 .57 .51 .76 .79 .78 .61 .67 .54 .48 .63 .80 .79 .42 
Maturity (m) and yield (y) 
Tmy ........•.•.•.......•.....•..•••••....• .49 .39 .23 .56 .04 .00 .58 
Tmy.h ........................•............ .29 .32 .11 .16 -.15 -.12 .36 
Height (h) and yield (,.) 
Thy ...•........•.•.•...............•.•... • .42 .23 .27 .63 .17 .10 .56 
rhy.m .................................... . .11 .11 .19 .38 .22 .15 .32 
Lodging score (,) and yield (,.) 
ny ..................................... · .. / ........ 1 .21 .36 / ........ / . 09 .13 I .... · .. 












.38 .44 .56 .51 .50 
.40 .45 .40 .51 .54 
.34 -.10 ,48 .13 .50 
.37 -.14 .24 .07 .53 
-.01 .06 .57 .14 .07 
-.15 .12 .41 .08 -.24 





fore, affected selection potentialities to varying degrees in the segre-
gating populations of the crosses included in this study. 
DISCUSSION 
Hybridization followed by selection in segregating populations is 
the most promising method of obtaining new and improved varieties 
of soybeans. Several outstanding soybean varieties have been 
developed by this breeding procedure and many promising selections 
from crosses are now in the early stages of testing in regional trials. 
Despite this evidence of success, however, there are disturbing 
features about the use of hybridization in soybean improvement that 
need clarification. A large number of crosses between varieties and 
strains of this crop have failed to produce 'desirable recombinations 
in the resulting segregates. Although many of these crosses appar-
ently have shown transgressive segregation in the F 2 and Fa genera-
tions for factors conditioning various important characters, only a 
very few have given any promising new types after subsequent selec-
tion. Such results have led to considerable confusion. 
Several possible reasons can be postulated for this apparent failure 
to obtain or detect improved llegregates in many soybean crosses. 
First of all, as soybean breeding is a comparatively recent develop-
ment, there has been little opportunity to evaluate varieties as par-
ental material in crosses. Consequently, many crosses have been 
made which probably would not have been made had such infor-
mation been available. Moreover, a number of these crosses were 
made between related types, and as a result, the potentialities for new 
recombinations were decreased. Another reason lies in the methods 
used to evaluate crosses in the generations following hybridization. 
Soybean breeders, in general, have utilized the same procedures for 
handling segregating popUlations of crosses as those employed by 
breeders of the self-pollinated cereals. Soybean varieties, however, 
are considerably more responsive to environmental fluctuations, espec-
ially changes in photoperiod, than small grain varieties. In addition, 
soybeans are a full-season crop, and hence response to variations in 
climate includes a greater time factor than in small grains. Conse-
quently, soybean strains frequently react differentially in two locali-
ties even though soil, temperature and rainfall conditions may be 
similar. Selection for differences among segregates in one locality or 
year, therefore, may not insure similar performance in another local-
ity or year. Because of these factors, it is conceivable that segregat-
ing populations of soybean crosses may not be as well adapted as is 
commonly supposed to breeding methods used with cereals. This 
might pertain especially to the methods used for early generation 
testing in small grain crosses. 
Immer (11) attempted to relate the average yield performance of 
spaced F 1 plants in several barley crosses with that of their bulk 
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populations in drilled plots in subsequent generations. He noted a 
considerable lack of agreement between the yields of the'F 1 and sub-
sequent generations. A similar lack of agreement between the extent 
of heterosis for seed yields in the F 1 and succeeding generations in 
a number of soybean crosses was found by Weiss, Weber and Kalton 
(27) . Both reports stressed the impracticability of making such 
F 1 yield studies, primarily because of the limited supplies of crossed 
seed. The conclusions from F 1 generation results reported herein 
agreed very well with previous investigations. Mukden x Richland, 
the cross which showed the least superiority over the common parent 
in F 1 spaced plant tests, was the highest yielding of the four crosses 
in replicated trials of the bulk F 2 to F 4 populations. Two other 
crosses were considerably above the common parent in seed yield 
in the F 1 generation but no better than it in bulk tests of succeeding 
generations. A similar lack of association was noted between F 1 yields 
and mean yields of 77 randomly selected Fa lines in each cross. Little 
or no information about the yielding potentialities of the four crosses 
was gained, therefore, by measuring seed yields on spaced F 1 plants. 
In addition to seed yield, height and maturity differences among 
the four crosses were evaluated in the F 1 generation in comparison 
to Richland. Although based on only a few F 1 plants per cross, 
these comparisons were of considerable interest when examined in 
light of the advanced generation performance of the crosses for the 
same characters. In the F 1 generation Manchuria 13-177 x Richland 
and P. 1. 89009-2 x Richland were the latest of the crosses, as com-
pared to the maturity, of Richland. P. 1. 79885 x Richland, on the 
other hand, was the earliest of the crosses in the same respect. These 
average maturity differenc'es among the crosses remained quite con-
sistent in all subsequent generations. The average height differences 
among the crosses in the F 1 generation, as compared to Richland, 
also persisted in later generations. Only one of the crosses, namely, 
P. I. 89009-2 x Richland, exceeded both parents in average plant 
height in the F] generation. Moreover, this average height superior-
ity was retained in both bulk and pedigree tests of the F 2 to F 4 
generations. Evidently this cross resulted in a combination of comple-
mentary genes for plant height. The F 1 generation results for plant 
height and date of maturity, therefore, were indicative of average 
differences among the crosses for these characters in advanced genera-
tions. 
One of the principal disadvantages of bulk population trials of 
soybean crosses is the inability to obtain much information on the 
extent of segregation for factors conditioning height, maturity, lodg-
ing resistance and yield, as such tests give only average performance 
records. As an example, Manchuria 13-177 x Richland was one of 
the latest and tallest of the crosses in the bulk popUlation trials, 
yet it produced a number of short and early F:l plants and F:I lines. 
Similar contrasts were apparent in the other crosses. Consequently, 
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although the bulk popUlations of all crosses performed quite consist-
ently for mean maturity, height and lodging resistance at successive 
generations in consecutive years, the results were of limited value in 
determining the range of selection potentialities for these characters 
ill" each of the crosses. This was especially evident for such a charac-
ter as early maturity. On the other hand, average differences among 
the bulk populations of the crosses did provide some information on 
intercross selection opportunities for increased height and lodging 
resistance. 
Harlan, Martini and Stevens (5) and Harrington (7) successfully 
used early generation tests of bulk populations of barley and wheat 
crosses, respectively, to detect potentially low-yielding crosses. A 
similar study of the early generation yield performance of 17 soybean 
crosses, reported by Weiss, Weber and Kahon (27), was of little 
value for predicting the yielding ability of selected segregates. In 
the same investigation considerable disagreement was found between 
bulk population yields of different generations, whether grown the 
same year or in different years. As a result, the inconsistencies 
observed herein in the bulk population yields of 25 soybean crosses 
at successive generations were not entirely unexpected. Yield differ-
ences among bulk populations of the crosses in F:! were not very well 
substantiated by similar tests of the F:: and F 4 generations in succeed-
ing years. A considerable proportion of these erratic yield results 
probably was due to differences in competitive ability both among 
and within crosses as a consequence of differential segregation for 
factors conditioning maturity, height, lodging resistance and possibly 
even yield. The selective action of early and late fall frosts also may 
affect bulk populations of different crosses in a diverse manner. In 
contrast, bulk popUlations of small grain crosses usually do not 
exhibit such extreme variability for the same characters, nor does 
frost damage become a factor during the reproductive stages. It 
seems probable, therefore, that early generation testing of bulk popu-
lations of crosses in soybeans will not be as practical from a breeding 
standpoint as similar tests of small grain crosses. 
One of the more controversial questions confronting soybean breed-
ers is whether or not to space-plant segregating populations of crosses 
to facilitate plant selection. This problem is of greatest significance 
in F 2 and Fa when opportunities for selection are greatest. Close 
planting (1- to 3-inch spacing of plants in the row) generally puts 
the earlier and shorter F:! and Fa plants at a serious competitive 
disadvantage and tends to favor the taller and later segregates. A 
wider spacing (6- to 12 -inch spacing of plants in the row) helps over-
come these disadvantages. At the same time, however, space-plant-
ing greatly increases the amount of soil heterogeneity and also 
causes the individual plants to bran~h more and grow shorter than 
usual. Consequently, either wide or narrow spacings of plants with-
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in the row may interfere with the expression of genetic differences 
among F 2 and Fa plants of a cross. 
An attempt was made in the pedigree phase of this investigation 
to determine the value of selection for differences in agronomic char-
acters among spaced F 2 and Fa plants of four soybean crosses. Non-
replicated plantings were used so that conditions would conform to 
general practice. Seed yield, maturity and plant height varied con-
siderably not only among the F 2 plants of each cross but also among 
the plants of several pure breeding parental varieties. As was expected 
because of genetic segregation, the extent of variation for each 
character among the F 2 plants generally was greater for the crosses 
than for the varieties. The crosses, however, differed quite markedly 
in this respect. A better measure of the agronomic differences among 
F 2 plants in each cross was obtained by growing a replicated test of 
their progenies in Fa. In all but one case the mean agronomic differ-
ences among Fa lines in each cross were highly significant when 
analyzed statistically. Moreover, differences in maturity and plant 
height among F;\ lines were strongly associated with parental F 2 plant 
differences in the previous year. There was, however, little indication 
of a significant regression of mean yields of F:I lines on parental 
F 2 plant yields. Similar results were obtained for one of the crosses 
when agronomic measurements of spaced F 3. plants were correlated 
with their F 4 line means. 
Yield distributions of F:I lines in each cross were sampled to con-
tinue the study in F 4. Each F:I line thus selected was represented 
in the F 4 genenition by replicated progenies of five of its constituent 
F:1 plants. Results of this F 4 line test indicated that little homo-
zygosity existed in F3 for factors conditioning maturity, plant height 
and lodging resistance. In most cases there were highly significant 
differences among F 4 lines within F 3 families for each of these 
characters. F 3 family progeny means in each cross also differed 
significantly for the same characters. Furthermore, the F 4 generation 
results for maturity, height and lodging resistance were reasonably 
associated with the previous performance of the respective parental 
F 2 plants and Fa lines. On the basis of this observed breeding be-
havior, intensive selection for differences in plant height and maturity 
among spaced F 2 plants and their space-planted Fa progeny rows 
appears justified as a breeding procedure. 
Mean yields of Fa family progenies in F 4 apparently regressed 
toward the cross means, as only one of the crosses showed significant 
differences among the means of the Fa family progenies. Yields of 
neither parental F 2 plants nor parental Fa lines were associated in 
a significantly positive manner with mean yields of their F;\ family 
progenies· in the F 4 line test. Mean yield differences among F;: 
lines, therefore, were not substantiated by the results in the succeed-
ing generation. Weiss, Weber and Kalton (27) likewise found a lack 
of desirable association between mean yields of pedigree lines in F:I 
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and thei~ descendant progenies in F 4. However, they encountered 
two widely diverse seasons during their study. All investigations 
reported herein were conducted during reasonably normal seasons. 
Consequently, on the basis of these two similar studies, it would seem 
that neither the bulk nor the pedigree method of early generation 
testing in soybean crosses provides much information, at least before 
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